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REDUCE PUMPING and 
TRANSMISSION COSTS! 


Builders Dall Flow Tube Cuts Head Loss 90% 
«+. provides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery... greatly 
reduced pumping costs over extended periods... plus adequate line 
pressure at distant points. Annual pump power savings can be approxi- 
mated by entering chart at bottom (at desired line size) .. . tracing 
vertically to sloping flow line (maximum capacity) ...and reading 
actual dollar savings directly opposite this intersection at right of chart. 


In addition, the low-priced, performance-proved Dall Flow Tube cuts 
initial, installation, and operating costs...and provides a constant, 
stable discharge coefficient over a wide range. KEEP YOUR HEAD, 
save your money, by requesting free copy of Technical Bulletin 
115-L3C today! Write Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, Rhode Island. 


© BUILDERS-PROV IDENCE 
B-I-F INDUSTRIE S 
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Unparalleled Savings... 
Accelerated Provided by Correct 


Biological Environment 
GRP. ’ for Accelerated Digestion 


Sludge Digestion *Patent Nos. 2,777,815 and 2,786,025 ... others pending. 


System 


PRIMARY 
DIGESTER 


These Are Typical Savings: 


Columbus, Ohio 
1 primory tank converted to CRP* 
digests the amount of sludge solids 
hondied by 3.5 conventional di- 
gesters 


Moorhead, Minnesota 
Conversion of old primary tank to 
CRP* pro 
of mo 


previous syste 


lake Charles, Louisiana 
Conversion of one existing 45’ pri- Typical layout of o CRP* Primary Digester 
mory tank to CRP* eliminated 
need for new 70° tank ve CRP* Gas Treating System a development of 12 years of continuous 
arch, pilot plant and full municipal scale operation ... provides correct 
iological environment for accelerated digestion. 21 successful operating instal- 
Seattle, Washington lations attest to the proper application of gas recirculation practiced by this 


Southwest Suburban Sanitary hes 


District Consulting Engineers are invited to request specific data direct from Chicago 
Pump Company, Department A, or by contacting Distributors located in most 


Construction of one 27’ squore 
principal cities concerning the application of CRP* systems to plants under 


primary tonk with CRP* serves 


population of 40,000. design or plants requiring expansion 


there are 21 CRP* systems in successful 


operation ...10 more on order. 


Putting tdeas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 


Chicago Pump Company 


G22 OIVERSEY PARKWAY . CHICAGO 14, ILLINOIS 
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Dispose of Sewage Sludge 


OR DO BOTH IN ANY PROPORTION ... 


cet 


versatile C-E Raymo 


The widespread acceptance of the C-E Raymond System 
is based on its solid advantages. This compact system com- 
bines the principles of Flash Drying and Incineration in a 
unit in which filter cake can be reduced to a sterile ash... 
or flash-dried to a salable fertilizer and soil conditioner. 
Revenue from the latter is often sufficient to pay a sub- 
stantial part of plant operating costs. 


Either operation can be performed alone, or combined 
in any desired proportion. Effective high-temperature 
deodorization of stack gases is available for both processes. 


A C-E Raymond System can mean an end to your com- 
munity’s sludge disposal problems ... as it has in munici- 
palities across the nation. Contact the Combustion office 
nearest you for specific recommendations. A C-E specialist 
will be glad to discuss your requirements and help plan an 
installation with you or your consultants. B-998A 


COMBUSTION ENGINEERING & 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 

Canada: Combustion Engineering-Superheater Ltd. 


the Modern Way 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


ee. ak FLASH DRY IT TO A MARKETABLE FERTILIZER... | 
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| 
| 
| 
A n 
NTHONY 
“ae | 
op 
| 
| 
| 
25, 
| 
$ 


For Columbus’ new expansion to 120 mgd.... 


Plant Manager, James H. Blodgett, and Uhimann 
Associates, consulting engineers, faced tough 
problems in doubling the capacity of a pre- 
viously expanded activated-sludge plant. 


To get top plant performance, the complex 
instrumentation—both old and new—would 
have to be pulled together. Twenty year 
old meters would have to be modified, re- 
built, or replaced to work alongside today’s 
improved models, telemetering total influ- 
ent for the entire expanded plant to one 
central control point. 


Here’s why Simplex was selected to solve 
these problems. Simplex redesigned and 
will rebuild the old venturi tube receivers 
to perform dependably and accurately 
alongside the newest venturi tubes and 


meters—specially engineered by Simplex to 
Columbus’ exact requirements. From this 
integrated system of old and new units 
spread over a big plant area, Simplex 
Orthoflow® will electrically transmit vital 
influent data to one central control point 
—instantly, accurately. 


Your Plant. We'll gladly help you in expand- 
ing your old plant or planning a new one. 
Write today outlining your problem. 
Simplex Valve & Meter Company, Dept. 
SI-8, 7 East Orange Street, Lancaster, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
A subsidiary of PFAUDLER PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


Association 


Pennsylvania Sewage and Industrial Wastes 


Assn. 


Georgia Water and Sewage Assn. 


Rocky Mountain Sewage and Industrial 
Wastes Assn. 


South Dakota Water and Sewage Works Conf 


Industrial Wastes 


Works Assn. 


Tennessee 


Kentucky 


pe wage 


Industrial 


Oklahoma Wastes Conference 


Pacifie Northwest Sewage and Industrial 
Wastes Assn. 


Missouri Water and Sewerage Conf. 


North Dakota Water and Sewage Works 
Conf. 


Place 


State Univ. 
Park, Pa. 


Penn. 
University 


Ga. Inst. of Tech. 


Atlanta, Ga. 


Hotel 


osmopolitan 


Denver, Colo. 


Hotel 
Dak. 


Franklin 
Deadwood, 8S. 


Hotel Peabody 
Memphis, Tenn. 


Oklahoma St 


Stillwater, 


Davenport Hotel 
Wash. 


Spokane 


Hotel Governor 
Jefferson City, Mo. 


Ray Hotel 


Dickenson, N. Dak. 


1958 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 
October 6-9, 1958 


Florida Sewage and Industrial Wastes 


Canadian Institute on Sewage and Sanitation 


West 
Assn. 


Assn. 


Virginia Sewage and Industrial Wastes 


Golden Gate Hotel 
N. Miami Beach, Fla. 


Chateau Frontenac 


Quebec City, Que., Can. 


Daniel Boone Hotel 
Charleston, W. Va. 
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Aug. 13-15, 
ept. 10-12, 1958 
Sept. 17-19. 1958 
Sept. 22-24, 1958 
ate Univ. Sept. 24-25, 1958 
Okla. 
ane Sent. 25-97. 105 
Sept. 28-30, 1958 
Oct. 1-3, 1958 
on 
Oct. 19-22, 1958 
ae Oct. 19-22, 1958 
Oct. 22-23, 1958 
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ENCOMPASSING THE 
WORLD... 


EMINENCE IN ENGINEERING DESIGN 
OF WATER, SEWAGE & WASTE- 


TREATING EQUIPMENT...SINCE 1894 


INFILCO INC. * GENERAL OFFICES: TUCSON, ARIZONA, 
FIELD OFFICES THROUGHOUT THE UNITED STATES 


AND IN FOREIGN COUNTRIES 
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STRENGTH PLUS 


Chicago, ! 
for installation of new water main 
under West Madison Street 


THE MAN WHO CHOOSES 
CAST IRON PIPE TODAY 
WON'T PAY FOR IT AGAIN 
TOMORROW! 


Cost tron Pipe Research Associotion 
Thos. F. Wolfe, Monoging Directo 
Swite 3440, Prudential Ploze, Chicago }, tit 


Iron 


Corpus Christi, Texas — Cast lron Pipe installation 
in filtration plant showing 48” discharge monitold which 
is connected to 48” Cast Iron city supply line 
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HIGH FLOW 


You get BOTH with 
CAST IRON PIPE 


*Here’s the proof of flow 


FLOW FACTORS FOR CEMENT LINED CAST IRON PIPE 


VELOCITY AGE 
LOCATION FPS 


Bowling Green Ohio 07.24 
Chicage Illinois 2636 
New Orieans, lo 12.29 
Corder, Mo 09.23 
Univ of Illinois a 3.14 

Concord New Homp a 1722 


Concerd. New Homp s 2034 
Wes! Poim Beach, Fla 12” 3654 
Greenville, 30” 2427 
Corpus Christi, Tex 11-18 
Summerville, $C 198-243 


verable upon reqver' 


Here’s the proof of strength 


CRUSHING STRENGTH’ Standard 6” Class 150 cast iron pipe will withstand 
a crushing load, under standard tests, of 17,900 pounds per foot . . . important 


where heavy fill or shock from heavy traffic loads are encountered. 


BEAM STRENGTH’ Settlement soil movement, or disturbance of the soil by 
underground construction places a heavy strain on pipe. A length of 6” class 150 
cast iron pipe bears up under a load of 20,790 pounds and deflects over 2\% inches. 
BURSTING STRENGTH” Tests prove that standard 6” class 150 cast iron pipe 
withstands internal pressure of 3000 pounds per square inch . . . providing 
a safety factor ample to resist high working pressures and water hammer. 
JOINT STRENGTH A full range of leak-proof, low cost, easy-to-assemble 
joints for pipe and fittings are available to meet all conditions. 

CORROSION RESISTANCE Cast Iron Pipe resists corrosion . . . vital factor in 
its proven long life and dependability 


“Based on independent loborotory tes. 


KP FOR MODERN WATER WORKS 


war 
FACTOR 
New 1425 
New 147 
New 
New 143 
New 150 
New 
W 142 
1395 
2 1485 
6 146 
13 1425 
22 139.3 | 
¢ 
| 
2 
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Johnson Well Screen of Everdur 
being lowered into the new 4-mgd well 
at Plymouth, Mich. 


INDUSTRIAL WASTES 


Big screen of EVERDUR 
serves new 4,000,000-gallon 
well in Plymouth, Mich. 


In developing a new source of water to meet 
growing community needs, Plymouth, Mich., 
more than doubled the capacity of its water 
system with a single well capable of provid- 
ing 4,032,000 gallons per day. 

The new well is 110 feet deep, has an 18- 
inch casing, and a Johnson Everdur Well 
Screen 1614” in diameter by 32’, 14%" long. 
Edward E. Johnson, Inc., St. Paul, Minn., 
fabricates tough, corrosion-resistant well 
screens from specially shaped Everdur 
wire and rod by a unique automatic weld- 
ing method. Johnson welded Everdur screens 
have proved their durability by years of serv- 
ice in large-capacity wells. 


Everdur* resists corrosion. Sewage-treat- 
ment and waterworks equipment of Everdur 
has been in service without replacement for 
20 years and longer. 


@ Everdur is tough. Everdur also possesses 
high mechanical strength and resistance to 
wear and abrasion—so that engineers can de- 
sign light-weight, wrought-metal equipment. 


@ Everdur is readily fabricated. Alloys are 
available for hot or cold working, welding, 
free machining, forging, and casting — and 
can be obtained in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and casting 
ingots. 


® Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treatment 
and Waterworks Equipment”—or for techni- 
cal help in selecting the correct material for 
your job. Address: The American Brass 
Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Tor- 
onto, Ont. 


*Reg. U. S. Pat 


VERD R Anaconda's Family of Copper-Silicon Alloys 


MADE BY THE AMERICAN BRASS COMPANY 


STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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Twin HEATX units provide automatic digester tempera 
§ ture contro! plus building heat, at Aurora Sanitary 
District's recently expanded plant, Aurora, Illinois 
me These 500.000 BTU/hr. units include automatic fuel make 
up with natural gas when digester gos pressure is low 


Waiter E Deuchier Co_ Aurora, Illinois - Consulting Engineers 
W.A Sperry - Superintendent Aurora Sanitary District 


Automatic digester temperature control @ 180°Boiler heat for building heat 
140°Exchanger temperature prevents sludge caking 


Be £ ATX Adaptable to waste heat utilization 
Exclusive rifled sludge return bend castings 


Maximum efficiency using digester gas and/or natural gas or fuel oil 


The Walker Process HEATX provides the complete unit for 
your digester sludge heating process. Concentric tube heat 
exchanger. fire tube boiler and control panel are combined 
to give absolute control over each function. Exclusive rifled 
sludge return bend castings cause sludge to spiral through 


the exchanger tubes — better K value — wall scouring pre- 
vents slime and grease adhesion @ The HEATX is ovail- 
able in standard sizes ranging from 100,000 to 2 million 
BTU/hr. output. Bulletin 24 $82 gives complete descrip- 
tion of type EB (with boiler) and type E (without boiler) 


WALKER PROCESS EQUIPMENT INC. 


FACTORY ENGINEERING OFFICES LABORATORIES 


AURORA, ILLINOIS 
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WALKER PROCESS 


WHERE WATER 


OUGHT TO BE 


We have no quarrel with highways, or with 
sub-divisions either. But, all too frequently land that 
would have been a logical reservoir site for a growing 
community is developed for other purposes. 

The reason, of course, is shortsightedly placing a 
lower present water rate ahead of future 


needs in importance. 


The real answer to keeping water rates low is 

“build soon enough .. . build big enough.” 

Concrete pressure pipe fits in this picture, too. 

It is virtually maintenance free. It will not tuburculate. 
It has the elasticity to resist bursting from surge 

and water hammer. And .. . no other pipe 


s easier to install. 


~ 


PRESSURE 


228 North LaSalle Street 
Chicago 1, Illinois 


WATER FOR GENERATIONS TO COME 


A 
ay 
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YEQMANS MANUFACTURES THE 
MOST COMPLETE LINE OF 
APPLICATION -DESIGNED 

SEWAGE TREATMENT EQUIPMENT 


which includes . . 


. » SPIRAFLO CLARIFIER for both primary and 
final clarification of domestic and process wastes. 
A clarifier of radically different design, the Spirafio 
offers complete settleable solids removal; greater 
removal! of finely divided particles; positive grease, 
scum oil removal; uniform velocity throughout 
tank; and straight wall design which reduces con- 
struction costs. 


. . the WATER-WHEEL, a rotary distributor used 
with trickling filter systems in the secondary treat- 
ment of sewage. An exceptionally rugged, yet 
simple piece of equipment, the Water-wheel pro- 
vides uniform distribution over the entire filter bed 
at all flow rates . . even the lowest. Costly acces- 
sories such as underground feed pipe, dosing 
chamber with siphon, center support, and mercury 
seal are not required. 


.. the CAVITATOR, a newly developed Yeomans 
unit for low cost treatment of both domestic sewage 
and industrial wastes. Perfectly suited for small 
communities, subdivisions, motels, resorts, schools 
and industrial plants, the Cavitator has excellent 
purification efficiency, extremely high oxygen trans- 
fer efficiency, and extremely low air requirements 
per pound of B.O.D. removed. 


. YEOMANS ROTARY DISTRIBUTORS (both 
standard rate and high capacity). Standard rate 
units distribute evenly across the entire filter bed 
.. adjustable nozzles produce fine, well-aerated 
spray which carries down high volumes of oxygen. 
For high capacity filters both the Yeomans high 
capacity type distributor, and the Aero-Filter system 
are avilable. 


Use this coupon to request literature on Yeomans products—please specify 
LITERATURE DESIRED: 


name 
company. . 
street 


city zone state 


YEOMANS 1999-7 N. Ruby Street - Melrose Park, Illinois 


manufacturers of : distributors e clarifiers « mechanical aerators « pneumatic sewage ejectors « digesters « 
centrifugal pumps 
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Homestead Lubricated Plug Valves controlling digested sludge to vacuum filters. 


Sewage plants make important savings in 
maintenance costs with Homestead Valves 


Pump overloading resulting from re- 
stricted port area valves is eliminated 
by the 100°% pipe area of Homestead 
Lubricated Plug Valves. 

This, coupled with Homestead’s 
controlled pressurized lubrication and 
positive chemical seal, results in years 


of trouble-free, low cost service. 
Write today for complete information 
on how Homestead Valves can help 
you achieve lower maintenance costs. 


Please send me catalog on Homestead Lubricated 
Plug Valves. We are interested in this specific 
application: 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48 @ Coraopolis, Pennsylvania 
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a pleasure 


“BETCHA PAW WISHES MAW WAS 
AS EASY TO HANDLE AS TYTON.” 


FOR WATER, SEWERAGE AND 
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to handle! 


True. A balky wife can be a problem. 


But Tyton Joint® pipe... never! 


In fact, Tyton Joint pipe is so easy to assemble 

that even inexperienced crews pick up 

the know how quickly. Only one accessory needed— 

a specially designed rubber gasket that seats into the bell 
The connecting pipe slides ia, compresses the gasket 

to give a tight, permanent seal. 


No bell holes. No caulking. No nuts 
or bolts to fasten. And Tyton Joint pipe 
can be laid in rain or a wet trench. 


Want full details on how Tyton Joint pipe 
can save you money, time and trouble? 


Call or write today. 


U.S. PIPE AND FOUNDRY COMPANY 
General Office: Birmingham 2, Alabama 


Y INTEGRATED PROOUCER FROM MINES 


ST FURNACES TO FINISHED PIPE 


© 
INDUSTRIAL SERVICE 


TYTON 


ONLY FOUR SIMPLE ACTIONS 


gasket with cove over bead 
gasket seat 


Wipe film of specie! lebricast ever 
asige of gastet 


tasert plain end of pipe it 
contacts gastet 


force end te bettom cf socket 
the Gone 
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Jerry Donohue Engineering Company 
specifies 


INERTOL PAINTS 


From: 
\nertol 


This cos 
1951. Moy “ 


6 
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The pump room at Fond du Lac 
Romuc Utility, a long-lasting tile-like enamel 
beautifies the walls, ceilings and stairs 
Glamortex, an alkyd resin enamel, gives a 

ar-resistant finish to railings, piping 
and machinery. 


@ This beautiful, modern sewage plant at 
Fond du Lac, Wisconsin, is just one of 
many where Inertol paints are specified 
by Bruno Hartman of Jerry Donohue 
Engineering Company, Sheboygan, Wis- 
consin. He has found, as you will too, 
that Inertol specialized coatings meet ex- 
actly the requirements of hardness, 
elasticity, chemical inertness and beauty. 
Each product in the line has been devel- 


oped especially for sewage plant usage. 
The superiority and quality has been 
proved in hundreds of installations 
throughout the country. 

Our Field Technicians will be pleased 
to discuss the Inertol line fully with you 
at your office. Or write today for the 
“Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents. 


& INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 12, New Jersey 


27H South Park 
San Francisco 7, California 
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ODOR 


End them with OZENE! 


End obnoxious odors—and the trouble- 
some complaints they cause—quickly, 
easily, economically by using OZENE, 
the tested and proved material that 
controls odors two ways. OZENE’s 
dual action (1) masks existing odors 
while it (2) attacks the causes of odors 
—sulphide-forming bacteria and mold 
microorganisms. 


OZENE is currently being successfully used in: 
sewage, leather and industrial lagoons 


dering pl 
rendering plants new excess-capacity 
sewers 


drainage ditches 
incinerators 
storm sewers 


land-fill waste dis- 
posal projects 


dried milk, cheese, 
cannery and other 
food plants 


sewer breaks refuse cans and 


sludge de-watering trucks 
fish-market areas kennels, etc. 


OZENE is a concentrated material and 
only small amounts are required for 
most applications. For odor-controlling 
sprays, OZENE can be diluted as much 
as 100-to-1. 


Write Solvay® specifying items desired 
(no cost): 


1. OZENE test samples. 


2. Data—If you will describe your par- 
ticular problem, we will be glad to send 
data. 


SOLVAY PROCESS DIVISION 
61 Broadway, New York 6, N. Y. 


Branch Sales Offices: Boston - Charlotte - Chicago - Cincinnati « Cleveland - Detroit 
Houston - New Orleans « New York - Philadelphia « Pittsburgh - St. Louls - Syracuse 
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Pan Tests being conducted on one of the 113 


AND INDUSTRIAL 


WASTES 


Distributors at Greenville, S.C. These tests 


show high uniformity of distribution over the entire range of flows from 400 to 2100 gpm. 


Proven uniformity of distribution 
with P.F.T. Rotary Distributors 


Ten new P.F.T. Rotary Distributors have 
recently been installed in the Greenville, 
S.C. sewage disposal plant to increase the 
capacity of the existing filters. Six are 
113 foot units and four are 136 feet in 
diameter. 


All ten Distributors are equipped with 


the two secondary arms. These overflows 


automatic low-loss overflows on 
permit two arm-four arm operation and 


assure uniform distribution over the 


wide ranges of flow with a minimum of 
head. 


PORT CHESTER, N-. ¥. @© SAN MATE 


These P.F.T. Distributors, with proven 
uniformity of distribution. are the heart 
of Greenville’s expanded new treatment 


plant. 


Wiedman and Singleton, 
ting Engineers, 
Atlanta, Georgia 


Plant / 


Consul 
Addition by / ier 


woste treatment 
exclusively since 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


ACKSONVILLE DENVER 
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NEW It’s from DorrR-OLIvtR 


A new two-in-one unit for small sewage treatment 
plants, the Dorr Degritting Clarifier or Clarigester 
combines positive mechanical degritting with conventional 
clarification in a single tank. Applicable for maximum 
flows of 0.45 to 1.75 MGD, this new design incorporates 
an annular chamber around the Clarifier feed well 
As Clarifier feed enters the chamber, grit settles and is 
removed by rakes attached to the Clarifier skimming arm 
Overfiow from the grit chamber discharges over a weir into 
the feed well. A by-pass slide gate allows discharge of the feed 
directly into the Clarifier when desired 
This new design is equally adaptable to both Dorr Type ‘A’ 
Clarifiers and Dorr Clarigesters. In either case, it will remove 
troublesome grit from the raw sewage without the need for costly, 
separate grit handling facilities 
For more complete information on this new two-in-one unit write 
Dorr-Oliver Incorporated, Barry Place, Stamford, Connecticut. 
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Sewage Works 


For many years poliomyelitis virus 
has been found in sewage during pe- 
riods when clinical cases of the disease 
are present in the community (1)(2). 
Poliomyelitis and other viruses are also 
present in sewage during non-epidemic 
periods (3 Recent investigations on 
the human intestinal viral flora (4) (5) 
have shown that besides polio virus, the 
viruses of Coxsackie, enteric cytopatho- 
genic viruses of human origin (FCHO), 
and some unknown viruses are found 
in the intestinal tract of patients as 
well as healthy individuals. 

Bacterial examination of sewage is a 
standard test in this country for the 
measurement of health hazards of sew- 
age treatment. If a parallel population 
enterococe] to viruses 
were found, bacteriological examination 
of sewage should give evidence of the 
virus concentration. 

The information presented in this 
paper compares the coliform and en- 
(MPN) to the oc- 
virus in sewage with in- 
formation on the best methods of speci- 
men collection. 


of coliform or 


tere incidence 


currence of 


Procedure 
Sampling 


Beginning in September 1955, one 
col- 
and 


is a 


to three sewage specimens were 
lected each week from Lansing 
East Lansing, Mich. The former 


ISOLATION OF ENTERIC VIRUSES AND 
SALMONELLAE FROM SEWAGE 


I. COMPARISON OF COLIFORM AND ENTEROCOCCI INCIDENCE 
TO THE ISOLATION OF VIRUSES 


By W.N. Mack, W. L. Matumann, H. H. Bioom, anp B. J. Krugcer 


Department of Microbiology and Public Health, Michigan State University, East Lansing, Mich. 


highly industrial city of 92,129 (1950) 
people and its sewage disposal plant 
serves the entire city. East Lansing, 
on the other hand, is a residential city 
of 40,000 people when the university 
is in session. Soth cities have treat- 
ment plants of the activated sludge 
type. Neither plant chlorinates the 
final effluent. 

The specimens collected were 100-ml 
dip samples, pads consisting of ab- 
sorbent cotton between two layers of 
cheese cloth, and, at the East Lansing 
plant only, a raw sludge sample. In 
the latter case samples were collected 
onee each week. The dip and pad 
specimens were collected from raw sew- 
age. 


Tests 


The MPN for coliforms was done on 
dip samples by standard methods (6), 
and the enterococci MPN by the method 
of Litsky, Mallmann, and Fifield (7) 
For the isolation of viruses, the fluid 
was extracted from the pad samples 
by placing the pad in a large syringe 
and forcing the fluid out of the pad. 
All specimens were centrifuged at low 
speed to remove coarse particles. The 
supernatant fluid removed and 
placed into an ultracentrifuge for 1 hr 
at 42,000 rpm (114,610 x @). The re- 
sulting pellet was suspended in 3 ml of 
its supernatant fluid, to which was 
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FIGURE 1.—Monthly average coliform 


and enterococci MPN compared to number 


of virus isolates from Lansing and East Lansing sewage; also monthly virus isolations 


from both cities. 


added 12 
3,000 


mg/ml streptomycin and 


units/ml penicillin. An addi- 
anglehead 


9 000 


centrifugation in an 
min at 
removed antibiotic-resistant 
After bacterial sterility tests, the speci 


man was injected 


tional 
centrifuge for 20 rpm 
bacteria 
into mice or inocu- 
lated into tissue cultures to determine 
the presence of viruses. 

For Coxsackie virus isolation, Swiss 
suckling mice were injected with the 
All mice 


showing symptoms of disease were sac 


concentrated sewage sample. 


rificed and tissues pooled for serial 
passage. For the isolation and identi- 
fication of enteric agents, 
epithelium tissue 
Only 
produced destruction of culture 
repeated|) upon 


were considered as virus isolations. 


other viral 


monkey kidney 
tures 
that 


cells 


were employed. 


agents 


serial passage 
After isolation of viruses in tissue eul- 
the fluid 
jected into suckling mice to determine 


ture, nutrient was again in- 
whether the tissue culture 


All virus 


was patho- 


genic for mice. strains iso- 


lated are now being identified by tissue 
culture neutralization tests and will be 
the subject of a separate paper. 


Results 

In Figure ] 
MPN for 12 
and 
compared to the 


the 
months 


monthly average 
for the coliform 
These 


virus 


enterococcl is shown. are 


monthly isola 
tions for the two cities. In general, the 
bacteria follow about the same pattern ; 
that is, high 


September with a gradual decrease un- 


both show a ‘denee in 


til June, when a rise occurs again. In 
June there was an increase in the num- 
ber of both organisms in both 
At the bottom of Figure 1, each square 
virus the 
column represents the accumulation of 


cities. 


represents a isolation and 
isolations from. all 
from both cities. As 


comparison of the MPN of bacteria and 


T\ pes of samples 


can be seen, a 
isolations of virus again follow the same 
There 
lations in the 
months, but in July, August, Septem- 


pattern were fewer virus iso- 


winter and = spring 
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VIRUSES IN SEWAGE. I 


TABLE I. 


Viruses Isolated from Lansing Samples by Tissue 


Culture and Mouse Inoculation 


Pads Tested 


culture 


ber, and October the bacterial and viral 
content of the sewage was high. 

Over a 24-month period from Sep- 
1955 August 1957, 
viruses were isolated each month except 
May 1956 and February 1957. 


of flooding in May 


tember through 
Because 
1956 no samples 
could be taken. The reason no viruses 
were isolated in February 1957 is not 
known Precipitation this 
Dur- 
late summer months and early 


during 
month was within normal limits. 
ing the 
fall, viruses were isolated 12 times per 
month in 1956 
and October 


1957, vir 


August, September, 
In July and August 
isolated 6 and 15 
During the total 
test period of 24 months, viruses were 
11s from the 
Of the 115 isolations, 15 were duplicate 
culture and mice 
from the same collected specimen. If 


ises 


were 
times, respectively. 
isolated 


times sewage. 


isolations in tissue 
the 15 duplicates are subtracted from 
the number of 103 are 
isolations, as shown in Figure 


total isolates, 
primary 

The numbers of virus isolations from 
the two cities and from various speci- 
mens are given in Tables I and II. The 
results from the Lansing sewage dis- 
plant given in Table I. 


posal are 


TABLE Il. 


Dips Tested Total Tested 


There were 330 tests on 152 pads and 
178 dip samples tested in tissue culture. 
16 from 
pads and 10 from dip samples). Of 
the 293 samples of sewage tested in 


Viruses were isolated 26 times 


mice, 137 pad samples produced one 


isolation, and 156 dip samples _pro- 


duced three isolations. From all sam- 
ples tested, four Coxsackie viruses were 
Combining the total 
pads and dip samples collected from 
the Lansing area, there were 623 sam- 
ples tested with 30 
4.5 per cent It would appear from 
these results (Table 1) that the pad 
method tested by tissue culture was by 


isolated in mice. 


virus isolations 


far the best method for collecting sam- 
ples for virus isolation from sewage. 


At the East Lansing disposal plant 
Table II 
ples were collected for virus isolation. 
As tested in tissue culture, 164 pads 


pads, dips, and sludge sam- 


produced 28 isolations 
Viruses 
per cent 


17 per cent). 
isolated 15 times (18.2 
from the 82 sludge samples 


were 


tested from the East Lansing plant. 
The isolation of 
mice from East Lansing sewage 


virus in 
( Table 
Il) showed that 14 per cent of the pad 
samples were positive, as compared with 
only 3.4 per cent of the dip samples. 


Coxsackie 


Viruses Isolated from East Lansing Samples by Tissue 


Culture and Mouse Inoculation 


Pads Tested 


Tissue culture 
Mice 


Potal 


Dips Tested 


Total Tested 


Vol. 30, No. 8 eC 959 
Test Method 
No No + + No 4 % + 
Tissue = 152 16 10.5 178 10 5.5 330 26 7.8 
Mice 137 l 0.7 156 3 1.9 293 4 1.3 
Total 289 17 58 334 13 3.8 623 30 48 
lested Method 
] 
No + %+ 1 No + e+ | No + + | No + % + 
164 28 | 17.0 | 172 1.6 82 15 | 18.2) 418 | 51 12.2 
149 | 21 144.0 145 5 3.4 68 11 15.4 | 362 | 37 10.2 . 
313 | 49 | 15.6) 317 | 13 | 4.1 | 150 | 26 | 17.3 | 780 | 88 | 11.2 


960 SEWAGE AND 


TABLE III. 


Pads Tested Dips Tested 


10.9 


In 
found 11 times and 15.4 per cent of 
the samples were positive for the (‘ox- 


68 sludge samples, viruses were 


sackie virus. 

Combining the results of the pads, 
dips, and sludge samples tested from 
East there 780 total 
specimens tested and 88 times viruses 
were isolated (11.2 per cent 

Dual that a virus re- 
covered in tissue culture and mice from 
the same specimen 
all 


Lansing. 


Lansing, were 


isolations is, 
oceurred 15 times, 
East 


Duplicate isolations occurred 


from specimens collected in 


10 times from pads, 2 times from dips, 
and 3 times from sludge. 


Table III summarizes the results 


from both sewage disposal plants, as 


well as the total virus isolated from all 
specimens collected and tested. 

Table IV the 
jecting suckling mice with the various 


coll 


gives results of in- 
ected samples from the two cities 
From the 
posal plant there were 295 specimens 
tested with 1.3 


Lansing 


under study. Lansing dis- 
four isolations 
From the East 
posal sampling Coxsackie virus was iso 
lated from 362 total 


37 times 
mens tested (10.2 per cent Sum- 
specimens 


per 
cent dis- 


specl- 


the total tested 
cities, Coxsackie virus was 


marizing 
from both 
isolated 41 


587 tests. 


times (7.0 per cent) from 


TABLE IV. 


Diy 


Lansing 
East Lansing 


ital 
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Total Viruses Isolated from Lansing and East Lansing Samples 


Sludge Tested I 


otal Tested 


A limited number of pad specimens 
from the final, non-chlorinated effluent 
from the East Lansing plant have been 
In August, 
ber, and October 1957, 31 pad samples 
tested 
isolated twice 


tested for virus. Septem- 


culture. Virus 
6.4 per cent 
No virus was iso- 


were in tissue 
has been 
from these samples. 
lated when these samples were tested 


by mouse inoculations 


Discussion 


From September 1955 through Au- 
gust 1957. 1.403 tests were 
sewage from the two cities included in 
Of the of 
specimens tested, 8 per cent were found 
It 
out that the isolation procedures used 
eff 


made on the 


this study. total number 


to contain viruses. should be pointed 


were routine and no special effort was 
made, such as blind passages in tissue 
and mice, to recover 


cultures agents 


from specimens. Many times during 
this investigation the tissue culture cells 
showed rounding and evidence of virus 
growth, but serial passage could not be 
The eol- 
lected were small and generally con- 
100 ml or less of dip sample 
and whatever liquid could be extracted 
from the 
were tested individually 


All collected 


obtained. sample volumes 


sisted ot 


pad sample. The samples 


samples from the 


Total Coxsackie Virus Isolations in Mice 


sted Sludge Tested 


> 
| 
| 
ke 1.0 150 26 17.3 
is 1,403 
| 
¥ 
| 
— 
4 : Total Tested 
| 
149 21 14.0 146 1.9 9 
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Lansing sewage plant were exposed to 
industrial wastes. Oil and grease were 
found on pad specimens that remained 
in sewage flow for any period of time. 
This may account for the low virus re- 
covery (95.8 per cent) from pads col- 
lected at this plant in comparison to 
15.6 per cent recovered from pads from 
Whether short- 
ening the length of time that the pads 
were exposed to the wastes in the sew- 
age would improve the results obtained 


was not determined. 


the residential areas. 


The methods of detecting viruses re- 
quire consideration. The polio 
Ss) and ECHO viruses are detectable 
on monkey kidney epithelial cells, but 
undoubtedly 


some 


the number of isolations 
been inereased had addi- 
cell lines of tissue ecul- 
ture been available and used. 

There is question regarding the ori- 
vin of the viruses isolated from sewage 


would have 


tional human 


whether animals 
The polio and 
ECHO viruses have not been isolated 
from 


domestic 


and 


con- 
tributed to the findings. 
other and it is con- 
cluded that the souree of these viruses 
was Gelfand ef al. (4) studied 
flora in from normal 
children in Louisiana in 1954 and 1955. 
Their results show that the greatest re- 
polio and ECHO 
were in July, August, September, and 
October. The results of their findings 

reported (Figure 1) 
remarkable similarity. The 
curve representing per cent of stools 
with virus in the Gelfand report has a 
broad base starting in April, reaching 
the peak in July, with a rapid decline 
in September and October. 
content 


than man 
man 


4 
the viral stools 


coveries of \ iruses 


and here 


show a 


The virus 
in sewage (Figure 1) did not 
begin until June and reached a peak in 
August, September, and October, 
declined in November. 


and 
It would be in- 
teresting to know whether this differ- 
ence in time period was due to geo- 
graphic location or to the concentration 
of the virus in the sewage before being 
detected by the methods used. 

Only a limited number of tests was 
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done on the non-chlorinated final efflu- 
ent of the East Lansing treatment 
plant. However, it is evident that not 
all of the pathogens are removed by the 
treatment the raw 
sludge samples consistently were shown 
to contain virus most frequently, there 
must be large amounts of pathogens re- 
moved by settling. The pathogens re- 
maining in the supernatant fluid, how- 
ever, continue to circulate and are ulti- 
mately discharged in the final effluent. 
In another study isolating Salmonellae 
in sewage [to be reported] similar con- 
were reached. In the event 
the final effluent is not chlorinated, the 
pathogens are discharged into surface 
waters of rivers and streams. This be- 
comes a health hazard to the surround- 
ing population. 


process. Because 


clusions 


Summary 


1. During 24 consecutive months, 
1,403 tests were made for the presence 
of enteric viruses in the sewage of two 
cities. Using suckling mice and monkey 
kidney tissue cultures, viruses were iso- 
lated 118 times (8 per cent). 

2. The MPN of coliform and entero- 
coeci over a 12-month period followed 
the same general pattern as the concen- 
tration of the viruses. 

3. Dip, pad, and sludge samples were 
collected from sewage of a residential! 
area. Viruses were isolated most fre- 
quently in the descending order : sludge, 
17.3 per cent; pads, 15.6 per cent; and 
dips, 4.1 per cent. From the industrial 
sewage plant, 5.8 per cent of the pads 
and 3.8 per cent of the dip samples 
were found to contain viruses. During 
the study period viruses were isolated 
30 times from the sewage of an indus- 


trial city and 88 times from sewage of 
a residential area. 


4. Types I and III polio, Coxsackie, 
and the ECHO viruses were isolated. 

5. Tests on the non-chlorinated final 
effluent from the residential area sew- 
age plant show that some virus was not 
removed by the sewage treatment. 
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WASTE STABILIZATION PONDS 


III. FORMULATION OF DESIGN EQUATIONS * 


Respectively, Research Engineer, Sanitary Engineering 


Parts | and II described the collee- 
tion of the experimental and field data 
respectively (1)(2). In this part an 
equation is presented which is believed 
to be representative of the previously 
reported laboratory and field data. 


Algal Cycle 


An idealized and greatly simplified 
example of an algal ‘*lysis-synthesis”’ 
‘vele for carbon is shown in Figure 1. 
By employing different portions of the 
cycle and by controlling the relative 
populations of algae and bacteria, it is 
possible to accomplish the following: 


1. Stabilize organic wastes. 
Synthesize organic foodstuff from 
inorganic wastes 

}. Convert organic waste substance 
into usable organic foodstuff by com- 
pleting the cyele. 

$4. Concentrate trace elements on the 


high specific area of the algal and baec- 


Previous researchers have fully de- 
scribed the algal cvele and various 
means of stabilizing organic wastes (3 
$)(5)(6)(7). Also, it is accepted 
that the role of chemically combined 
oxygen which must necessarily play an 
important role in an aerobic-anaerobic 
system is not fully understood (38). 
Thus, realizing the complexities of 
algal-bacterial stabilization systems and 
the unwarranted problems caused by 

* Presented at the 30th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Boston, Mass.; Oet. 7-10, 1957. 

+ At present Industrial Hygiene Engineer, 
Humble Oil and Refining Co., Baytown, Tex. 


3y E. R. HERMANN E. F. Gioyna 


Research Laboratory: and Associate 


of Sanitary Engineering, University of Teras, Austin, Ter. 


overproduction of algae, a method of 
design is proposed with workability as 
one of the primary aims. 


Design Criteria 


To control the operation of the bio- 
logical processes involved in waste sta- 
bilization, the reaction vessel must be 
designed with respect to the physical 
conditions imposed by its environ- 
mental location and with respect to 
the chemical work which it must aec- 
complish. The factors involved in these 
considerations are (a) temperature, 
(b) light, (¢) BOD loading, (d) size, 
number, and shape of ponds, and (e 
hydraulic appurtenances. By drawing 
upon the experimental evidence pre- 
sented in Part I (1), upon observed re- 
sults from actual pond installations re- 
ported in Part II (2), and upon the 
theories and experiments reported in 
selected literature (9)(10)(11), the 
above factors may be developed into 
design criteria. These factors are dis- 
cussed in the following paragraphs. 


Temperature 


The rates of most chemical reactions 
increase greatly as the temperature is 
raised. van’'t Hoff’s theory, that the 
rate is doubled for each 10°C increase 
in temperature, is frequently used in 
approximations. In 1889 Arrhenius 
formulated a general equation for van’t 
Hoff’s theory using the equilibrium 
constant K,. 


d(ln K,) a AE 


Proofs 
— 
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hv 
CO, + 2H,0 ———~> (CH, O) + H,O+ 0, 


@ 


PHOTOSYNTHETIC REDUCTION 


BACTERIA 


BACTERIAL OXIDATION 


(1) ORGANIC WASTE 


H 2 + C 2 C H 2 0 + Oo 


(2) MINERALIZED EFFLUENT 


3) INORGANIC WASTE 


4) ORGANIC FOODSTUFF 


FIGURE 1.—Simplified diagram of algal-bacterial commensalism-carbon cycle. 


Since the mass-action law related the 
equilibrium constant to a ratio of rate 
further 


Arrhenius stated 
equation for the 


constants, 
that a 
variation of rate constant with temper 
ature might be: 


reasonable 


d ln ic 
aT 


where & is the specific reaction rate 
constant, 7 is the Kelvin temperature, 
R is the gas constant, and E is the ac- 
tivation energy of the reaction. By 
clearing the equation, integrating both 
sides between limits, and relating the 


reaction rate constants to time, a prac- 


tical form may be obtained in which 


3) 


where ¢ is the reaction time required 
temperature 7, and ¢t, is the 
original time for reaction at an original 
temperature 7 The base of the nat- 
ural logarithm system is designated as 


at any 


é, and ¢ is an energy-temperature con 
stant. Since there is evidence that both 
aerobic and waste stabiliza- 
tion reactions follow this relationship, 


anaerobic 


this formula may be used to calculate 


oy 
als 
j 
Ape: 
4 
t 
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detention time in aerobic-anaercbie sys- 
tems. An ideal curve plotted by using 
Eq. 3 passes through the point t/t, 
1, T = 35°C; the constant e* = e*°°** 
6 = 1.072 (Figure 2). For this par- 
ticular application of the van’t Hoff- 
Arrhenius equation, a converse state- 
ment seems more appropriate; i.e., the 
rate is halved for each 10°C decrease 
in temperature. Typical values cited 
by Fair and Geyer (12) for 90 per cent 
of plain-sedimentation pri- 
mary sewage sludge have been plotted 
as supporting evidence. This relation- 
ship chemical reaction rate 
and temperature, when applied to con- 
ditions in waste stabilization ponds, is 
useful only for temperatures ranging 
between 3 and 35°C. The lower limit 


digest ion 


between 


50 
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is due to retardation of bacterial and 
algal activity as the temperature ap- 
proaches the freezing point, while the 
upper limit is imposed by thermal in- 
activation of most types of algae. In 
observation of the form of the sludge 
digestion curve between 0 and 5°C, it 
becomes apparent why ponds in north- 
ern climes require long detention pe- 
riods, low BOD loadings, and, hence, 

A less conserva- 
curves (curves of 
or equations may be ob- 
tained by assigning a smaller value to 
the energy-temperature constant c¢, es- 
pecially if conditions which occur in 
quite warm climates are used. Such 


large surface areas. 
tive of 
flatter slope 


set design 


values should be used, however, only 
where 


exceptionally good operating 


7 T | 
| 
| 
S VAN'T HOFF-ARRHENIUS CURVES 
5 4 
MAX OPERATING TEMP 
= FOR ALGAE 
al 
a. 
1 
az 
uJ 
« A 
\LTYPICAL SLU ye. ad 
4 


0) 10 


TEMPERATURE, °C. 


FIGURE 2.—Waste digestion relationship using van’t Hoff-Arrhenius theory. 


= 
20 30 40 50 
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control is assured, and the value of c¢ 
should be at 0.0555. 

Either Eq. 3 or the set of curves in 
Figure 2 used for 


least 
may be obtaining 
relative reaction trmes for practical ap- 
plications 


posed 


For example, a problem is 
with basic conditions of a mean 
temperature of 30°C for the 
month of June, with satisfactory opera- 


pond 


tion at a detention period of 5 days, 
and it is desired to determine the re- 
quired detention period (a) in August 
when the temperature is 35°C 


the 


mean 


and (b) in January when mean 


temperature is 5°C Substitution in 
Eq. 3 for both 


situations Is done as 


) 


1.414 


3.5 day 


1} 
a imme 1s drawn 


2 it 
point represented by 30 
‘issa and 1 on the 

e primary curve, the value 


is seen to be 0.707 


ordinate 


at 


5 xX 0.707 3.9 days. 


1.072 = 5.66 


= 5 X 5.66 = 28.3 days, 


using the line drawn in 


through the 


or by part a 


same point, t/t, can be 
read from the graph and is 
equal to 5.66 at 5°C 

The temperatures in the foregoing il- 
lustrations are extreme for any 
the 


temperature of the pond contents will 


one 


geographic location, since mean 
be moderated considerably by ground 
temperature, by depth of pond, and by 


evaporation. 


L ight 


Oxygen production in waste stabiliza- 
tion ponds operating diurnally on an 
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influenced 
much more by variation in algal popu- 
lation than the light intensity varia- 
tions occurring under different outdoor 


aerobic-anaerobie cycle is 


seasonal and meteorological conditions. 
In photosynthesis a limited amount 
available light utilized by 
After a certain critical in- 
utilized, the 
saturated and additional 
ti For example, the 
saturation light intensity for Chlorella 


energy is 
algal cells. 
algal ¢ 
light 


Vv is are 


intensi- 


es are not used. 


pyrenoidosa is estimated to be 600 foot- 


candies (13); whereas, the ine 


sunlight in noon 


tensitv at 


summer day is at least 8,000 ft-e in 


tudes. Ina 


temperate lat 
culture that 


homogeneous 


is deep and enough 


to absorb practically 
mutual shading of 
sult in gradation of 

surface, which offsets 
Furthermore, it has been 
that the light inter 
Chlorella suspe1 


concentration 


some degree 
shown 14 


a homoge! 


sity in 
eous sion 
decreased by 
in accordance with the Beer-Lambert 


Law. 


I is the 


radiation, and TJ is 


where original tensity of 
the intensity sub- 
sequent to passage through a medium 
‘lent k, 


According To 


with absorption coentl 
tration c, and depth d 
Bush (9) a 


concen 


value for depth exists at 
which the light intensity just equals the 
intensity J,. In 


all the light that penetrates to greater 


saturation addition, 


maximum ef 
At lesser depths only a frac 


depths is utilized with 
ficiency. 
tion of the original light intensity is 
utilized The fraction 


energy utilized in photosynthesis by a 


f of the light 
homogeneous algal suspension is given 


by the equation 


(i I i) 
North latitude values of J, 


from 12,000 ft-c, the 
midday value on a clear summer day, 


At 30 
range 


may 
extreme 


2 
| 
: 
4 
Pa 
a de 
bo 072 7 1 cles 
ite 
= 1,07 
5 072 
| 
t= - 
1.072)5 
+t} Fig ’ 
rough t 
on the 
en, t=5 
t 
: 
ane 


to 500 ft-e on a rainy day. Using the 
above numbers and J, = 600 ft-c, values 
of f may be computed to range from 
0.20 to 0.96. This means that only 15 
to 35 per cent of the energy in the 
visible spectrum of the sunlight can 
possibly be utilized photosynthetically 
under the light conditions cited, even 
with all other conditions being ideal. 
Theoretically, even though f is equal to 
1.0 when the incident light intensity 
is equal to the saturation intensity, only 
one-fifth of the incident light intensity 
is utilized by algae in a homogeneous 
culture when the incident light inten- 
y is twenty times the value of the 
saturation intensity (7, = 20 7,). Un- 
der field conditions, however, it has 
been found experimentally that the 
efficiency of light-energy conversion in 
Chlorella cultures in full summer light 
is only about 2 to 3 per cent. These 
values are in agreement with those de- 
termined for good field crops of higher 
plants 


+ 
sit 


Light-energy utilization in waste sta- 
bilization ponds is complicated by sev- 
eral additional factors. For example, 
the algal and bacterial cuitures in sta- 
bilization ponds are not homogeneous. 
since numerous light scattering and ab- 
sorbing substances other than algae are 
present in the influent sewage. More- 
over, occlusion of light in varying de- 


grees is caused by scum formation: 


density stratification of the liquid me- 
dium is effected when the heat flow is 
from top to bottom, and the accumula- 
tion of some types of algae at a certain 
depth where light energy is better uti- 
lized is observed. 

Crude estimates of the effective depth 
to which light of various intensities 
will penetrate a waste stabilization 
pond can be obtained by using op- 
tical density measurements and the 
Briggsian form of the Beer-Lambert 
Law, 


X 10-*¢, .. (6) 
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and 


where k is the absorption coefficient, ¢ 
is the concentration of absorbing ma- 
terial in g/l, and d is the depth in em. 
Since 


I, 
D = log I 


then 
(7) 


where D is the optical density. Using 
a photometer and light having a wave 
length of 410 my, average values for 
optical density D were found to be 
about 0.10. From this a value for ke 
can be obtained using the diameter, 
d=1.8 em, of the sample tubes. 

D_ 0.10 


ke = — 


= 56 ( 
q 0.056 em 8) 


The depth of light in homogeneous eul- 
ture media can now be obtained by 


log I./I 


d ke 


(9) 
a meaningless expression if J is zero. 
However, I., the light intensity of the 
compensation point at which photosyn- 
thesis is balanced by respiration so 
that the net gas exchange is zero, should 
be substituted for J in Eq. 9; and if 
Chlorella pyrenoidosa is the algal spe- 
cies present, I, = 24 ft-c, according to 
Phillips and Myers (13). Hence, for 
a culture of this particular algal species 
and an integrated annual value of J, = 
2,100 ft-e such as might be obtained in 
Austin, Texas 


2,100 


24 
d= 0.056 


log 
= 35 em 


For the month of December the inte- 
grated light intensity at Austin is 
about 1,200 ft-c, while the average mid- 
summer light intensity is about 3,000 
ft-e. Corresponding depths when ke = 
0.056 em and J, = 24 ft-c are 30 em 
and 38 em, respectively. The above 


I. 
log ked........(6b) 
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FIGURE 3.—Isolines of average solar radiation received on a horizontal surface in the 
United States during days with average cloudiness in July and December. Units are in 
calories per sq cm per day. 


light intensities were obtained by con- Due to numerous assumptions and to 
version from irradiance to illuminance, very loose application of the physical 
using Fritz’s maps (10) for isolines of light laws, the foregoing calculations 
average solar radiation (Figure 3). provide rather poor approximations of 
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the efficiency with which light energy 
may be used in photosynthesis and the 
depth to which effective light penetrates 
stabilization pond. Fortu- 
nately, in a system operated with a 
low algal concentration, high intensity 
light is not a requirement for success- 
ful waste treatment. It is important, 
however, that enough light be provided 
to drive the photosynthetic process for 
about one-half of each day ; and in most 
this is assured. 
That high intensity light is not neces- 
sary for successful waste treatment in 
stabilization ponds has been borne out 
experimentally (1) by laboratory work 
under controlled conditions, in which 
the light intensity was only 500 ft-e 
the algal population ranged from 
practically zero to 1,500 cells/pl (aver- 
Nevertheless, BOD 
removals consistently greater than 90 
per cent were obtained without sepa- 
ration of algae or other suspended mat- 
ter from the effluent. From the fore- 
going discussion and from Figure 3, it 
may be deduced that adequate light 
is available for the relatively 
limited photosynthesis required in an- 
aerobic-aerobie stabilization ponds. 


a waste 


geographic locations 


360 cells/ul 


age 


energy 


BOD Loading 


Model ponds, operated in the labora- 
tory under controlled conditions for 
periods ranging from 30 to 75 days, 
each had an average BOD removal per- 
formance greater than 85 per cent. Of 
the 12 experimental models in which 
the detention period was 5 days or 
the model having the lowest 
performance rate removed 92 per cent 
of its BOD load, while the over-all 
average removal was 94 per cent. In 
one of the experiments involving tur- 
bulent mixing, 87 per cent removal was 
attained with a BOD loading of 338 
lb per day/acre and with a detention 
period of only 1.5 days. BOD loadings 
for the 16 experimental runs ranged 
from 95 to 338 lb per day/acre. 

It has been conclusively shown that 
waste stabilization ponds can be op- 


longer, 
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erated under laboratory conditions at 
BOD removals equal to those attained 
where complete treatment methods are 
used. In five outdoor pilot plants, how- 
ever, the best BOD removal was only 
82 per cent. The principal reason for 
this was because excess algal growth 
contributed both suspended and soluble 
organic matter to the effluent. 

A review of the data compiled on 
188 stabilization ponds located in Texas 
shows that, of 35 ponds from which 
BOD removal data were obtained, the 
average removal was 76 per cent. This 
low value, as compared with the 94 per 
cent ‘average removal attained in ex- 
perimental models, is tempered by the 
observations that the average BOD 
loading obtained in the statistical study 
was only 34 lb per day/acre and that 
the average effluent BOD was 25 mg/1. 

An empirical approach to formu- 
lating BOD loading has been made by 
the development of performance-load- 
ing relationships. Results obtained 
from experimental work on outdoor 
pilot ponds receiving settled sewage are 
shown in Figure 4. For the type of 
curve drawn, an equation for reduc- 


tion ‘‘P’’ of BOD follows the form 

a 

y= — which is typical of bi- 
b + cx? 


ological treatment devices. Though of 
interest as an idealization, the data 
probably do not warrant the exempli- 


fied mathematical refinement. In Fig- 
ure 5, mean values are plotted that were 
2 
100 


RESULTS FROM OUTDOOR PILOT PONDS 2 FT 
GEEP RECEIVING SETTLED sewace 


FLUENT 103 


PERCENTAGE PEOUCTION OF BOD BY WasTEe 
STABILIZATION PILOT PONDS, 

T 


r0 30 40 30 
LOADING INTENSITY, L8@ BOD PER ACRE PER Day, Y/aT 


FIGURE 4.—Performance-loading rela- 
tionships for experimental ponds with con- 
stant depth and BOD loading, but variable 
detention. 
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P+ 100- 0.05 Y/aT 


RESULTS FROM AQUARIA MODELS | FT DEEP 
FLUENT 800 


Q 


SYNTHETIC SEWAGE-PEPT 
SYNTHETIC SEWAGE-PEPTONE 


SYWTHETIC STARLAC 
(4 MODELS~ VARIABLE NITRATE LOAD) 


PERCENTAGE REDUCTION OF BOD BY 
WASTE STABILIZATION POND MODELS, P 


00 200 300 400 
LOADING INTENSITY, LB BOD PER ACRE PER Day, WaT 


FIGURE 5.—Performance-loading rela- 
tionships for experimental models with con- 
stant depth. 


taken from 18 aquarium models, which 
under both 
temperature and lighting and 
uncontrolled outdoor temperature and 


were operated controlled 


indoor 


A straight line curve of the 


y=a+bre has been drawn 


through the points; its equation is 
P = 100 — 0.05y/At 


where y/At represents BOD loading in 


weight per unit area per unit time. 
This is a reasonable assumption for the 
range of operating conditions described 
Pond failure at too 


loading provides a 


in the experiment. 
high a practical 
limit to the applicability of the equa- 
tion. 

into the influence of 
depth on performance is given by the 


Some insight 


performance curve shown in Figure 6 


based on data obtained 


from 
conditions. At 


BOD 


under similar 


constant influent concentration 


MODIFIED GOMPERTZ EQUATION 
OF THE FORM 


DEPTHS 


STABILIZATION PILOT PONDS, P 


NFLUENT 200 MG/L 
DETENTION Days 


PERCENTAGE REDUCTION OF BOD BY 


00 200 300 400 500 600 700 
LOADING INTENSITY, L8 BOD PER ACRE PER DAY, Y/aT 


FIGURE 6.—Performance-loading-depth 
relationships for experimental ponds with 


constant BOD loading and detention, but 
variable depth. 
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BOD loading is a 
straight line function of depth, and the 
performance curve should either have 


and detention, 


a 


the form y=a+ 


b + cx?’ 
as indicated by the results shown in 
Figures 4 and 5. Instead, the curve 
has the form of a modified Gompertz 
100 — ab”, and indicates 
better performance in shallow ponds. 
Although performance im- 
proves below the inflection point, as in- 
licated by a the 


percentage re- 


equation, y 
relative 
decline in negative 
slope of the curve, the 
moval is too small for practicality. If 
sludge capacity or sludge removal were 
sufficiently large, the curve would ap- 
proach the BOD removal of plain sedi- 
mentation (say, P = 35 per cent) as 
an asymptote. 

The loading at which a system ac- 
complishes the most work marks the 

The 
Figure 
perform- 
from the preceding 


point of maximum 
efficiency 


efficiency. 
curves shown in 


7 were plotted by using 
ance data obtained 
three figures. The performance curve 
settled 


hori- 


for outdoor ponds receiving 


sewage steadily 


approached a 
zontal line as an simi- 


iency curve 


asymptote ; 
corresponding effi 
asymptotic unto the value of 
where 


If data from the straight line equation 


pond failure occurs. 
representative of results from aquaria 
models are used, maximum efficiency 
would theoretically be 


oading of 1,000 lb per day/acre (as- 


reached at a 


200 300 400 500 


PONDS AT OFFERENT OEPTHS, 
6, TR SCALES 


8 


__ SETTLED SEWAGE, Fic 4 
LEFT SCALES 


BOD LOADING X % REMOVAL, 


200 400 600 800 1000 1200 1400° 
LOADING INTENSITY, LB BOD PER ACRE PER DAY, Y/AT 

FIGURE 7.—Efficiency curves for ex- 
perimental waste stabilization ponds. 
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suming no pond failure). By using 
data from Figure 6, a practical maxi- 
mum at 300 lb per day/acre is indi- 
cated ; due to the sigmoid 
form of the modified Gompertz curve 
from which these data were obtained, 
a secondary rise occurs in which, mathe- 
matically, the maximum efficiency can 
never quite be reached. Thus, it may 
concluded that within the 
range of practical performance (¢.g., 
80 to 90 per cent BOD removal), the 
vreater the BOD loading the greater 
the efficiency of operation. Further- 
more, the data presented in Figure 6 
indicate that the more shallow the pond 
the more efficient the system. This rule 
has obvious limitations. 


how ever. 


safely be 


In connection with the foregoing, it 
noted that BOD loadings 
have been expressed in lb per day /acre. 
This 


customarily 


should be 


is related to area, is 
with 
It probably 
arises from the implied importance of 
energy absorbed by a certain sur- 


unit, which 
used in connection 


waste stabilization ponds 


Tace area 


While light energy may be 


the controlling factor in a pond in 
which abundant algal growth is taking 
place, it is suggested here that loading 


units on a volume basis such as lb per 


day /acre-ft are more 


appropriate. 
This suggestion is weil supported in de- 


termining detention periods according 


to the Arrhenius Law. Figures 3, 4. 
and 6 have been plotted using the eus- 


tomary unit lb per day/acre because it 
afforded better comparison and because 
it isolated the factor of depth so that 
Al- 


though, climatologieally, light and tem- 


Its influence could also be noted. 


perature are closely interrelated, the 


relative populations of phototrophic 
chemotrophie organisms will de- 


termine whether light intensity or tem- 


and 


perature is the controlling factor in an 


algal-bacterial system. For the type of 


waste stabilization system being dis- 


cussed here, temperature is far more 


influential than light; hence, volume is 
BOD 
This conclusion is conditional 


a more appropriate basis for 


} 1; 
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in that light intensities greater than 
400 or 500 ft-c must be available during 
a few hours of each day. Such light 
conditions will certainly be obtained in 
latitudes of negligible winter ice cover. 
In addition to the foregoing the re- 
quired volume of a pond installation is 
directly proportional to detention and 
volume of daily sewage flow 


in which the detention (reaction) time 
t’ is influenced by the quantity of BOD 
to be stabilized. For proximal devia- 
tions the BOD of raw 
sewage a straight line factor y/200 is 
introduced where y is the influent BOD 
and 200 mg/1 is the average BOD value 
of U.S. sewage, according to a statisti- 
cal survey conducted by Gloyna, Her- 
mann, and Drynan (15 Thus, an 
equation for the volume of the pond 
may be written 


from average 


V = Qt’ = Ng (12) 


where N and q are number of people 


served and daily per capita sewage 


volume, respectively. Sinee detention 
time in Eq. 12 and reaction time in Eq. 
3 can be equated, that is, t = t,ee.- -7, 
then 


V = 


Size, Number, and Shape of Ponds 
Three previously developed 
ments now become important. 


argu- 
These 
the optimum operating tem- 
perature 7, is 35°C, for which (b) the 
optimum reaction time f, is 3.5 days, 
and (¢) the energy-temperature char- 
acteristic c of the van’t Hoff-Arrhenius 
equation may conservatively be adopted 
as 0.0693 


are: a 


By introducing these values 
into Eq. 13 practical forms may be ob- 
tained for determining the volume of a 


pond installation. Thus 


V = 0.00234Nqy[1.072@5-7]. . (14) 
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where V is in eubie feet, Nq is in gpd, 
y is in mg/I, and T is in °C; or 

V = 5.37 X 10-*Nqy[1.0725-” ]. (15) 
where V is in acre-ft, N is the number 
of people served, q is the daily per 
capita sewage flow in gpd/eap, y is the 
5-day 20°C BOD in mg/l, and T is the 
The de- 
the 
the 
coldest month at the geographic loca- 
tion of any proposed installation. 


operating temperature in °C 
sign volume should be based upon 
average pond temperature during 


The next step is to specify an op- 
timum depth or range of depths. This 
is largely a matter of balancing a num- 

Performance 
data obtained in pilot studies of depth 
as a controlling factor have indicated 
that efficiency increases as depth de- 
available from 

indicates that a 

3 ft is satisfactory and is em- 
most frequently. Light pene- 
ration should be considered but is not 


a controlling factor for ponds operating 


considerations 


ber of 


Information 


creases, 


existing installations 


with only \ited photosynthetic oxy- 
“or ponds operating anaero- 
bically 12 or more hr out of the day, 
intuitively that a reason- 
able operating depth would be about 2 


venation. 


it is assumed 


or 3 times as great as the effective light 
Although light penetra- 
widely with optical 
density even under constant high inci- 
dent light intensity, the calculations of 
effective penetration 
when 


penet ration. 


tion may vary 


light previously 
with the 
above assumption, indicate an optimum 
pond operating depth of 2.0 to 3.5 ft. 
The lesser depth will provide better 
mixing and dispersal of settleable mat- 
ter by temperature convection and wind 


illustrated, combined 


action; while deeper ponds will tend to 
retain the ground heat better during 
winter months and, thereby, moderate 
the serious retardation of stabilization 
processes resulting from lowered tem- 
perature. Unwanted growth of rooted 
aquatic plants also may become a prob- 
lem at too shallow a depth. After due 
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consideration of the experimental data 
and of the information available from 
existing installations and from citations 
in the literature, the best operating 
values for depth of waste stabilization 
ponds seem to lie between the limits of 
2.0 and 3.5 ft. 

The number of pond cells comprising 
a single installation is 


largely by annual 


determined 
temperature varia- 
small installations 
and by maximum practical dimensions 
for a single pond cell at very large in- 
stallations. At least two pond cells 
should be provided at any installation, 


tion in the case of 


and three are preferred for flexibility 
From Eq 
13 it may be seen that for a tempera- 
ture difference of 10°C the 
midsummer and midwinter pond tem- 
peratures, the pond volume should be 
twice as great in the 
the 


be four 


and for control of operation. 


be tween 


the winter as in 
summer: for a difference of 20° 
pond volume in winter should 
times as great. 
held 


If the operating depth 
pond area also 
have to be doubled or quad- 
rupled for tl two how- 
ever, the influence of temperature on 


were constant, 
would 
above 


CASES 


required pond area can be modified by 


increasing pond operating depth in the 
winter. This also tends to elevate the 
winter pond temperature, inasmuch as 
water has a low coefficient of thermal 
conductivity and much of the heat re- 
ceived by a pond in winter is derived 
from the ground. The maximum hori- 
zontal dimensions for a single pond cell 
ean be reached by economical considera- 
tion of pond construction costs versus 
maintenance and operation costs. Such 
will of 
trolled by local cost data and by avail- 
ability of land, as well as by the opera- 
tional features imposed by local eli- 
mate. To economize on the design 
relative to lengths of piping, embank- 
ment construction, and maximum pond 


dimensions necessity be con- 


area, the pond should be longer than 

it is wide; a first approximation being 

2:1. 
Considering diurnal 


seasonal and 


ee 
4 
rey 
‘ 
a 
> 
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variability inherent in the micro- 
meteorology and tertiary atmospheric 
circulation of surface winds, planned 
orientation of a waste stabilization 
that its long dimension is 
parallel to what is considered to be 
the local prevailing wind direction— 
is of little or no value in providing ad- 
ditional wave action. Also, due to 
the existence of long detention periods 
and corresponding low flow-through ve- 
locities (in comparison with sedimenta- 


pond SO 


tion velocities) short-circuiting is no 
problem. 
Hydraulic Appurtenances 


Pond cells should be interconnected 
so that they may be operated in parallel 


or in series. If more than three eells 
] 


are connected in series between the 
raw influent point and the point of final 
dis harge, 


excessive biological cycling is 
‘ur in the final pond. For 
installations a series path of only 
two ponds is optimal. 
the effluent of a 
single pond back to the influent end is 
of little value except for its mixing ef- 
fect, and mixing is accomplished nat- 
urally by temperature convection and 
wind action. Thus permanent instal- 
intrapond recirculation facili- 
unnecessary, especially in view 
of the suggested length-to-width ratio. 
Interpend recirculation, on the other 
hand, can be used advantageously for 
seeding a pond that is deficient in algae, 
for lowering the dissolved 
or for altering the pH 
of a pond to suit the operational 
requirements imposed by variations in 
waste loading and climate. Low head 
pumping facilities for providing recir- 
culation from the effluent end of the 
second pond in a series to the influent 
end of the first pond can be cheaply 
constructed Wennstrom 
(16), who has reported on recirenlation 
in oxidation ponds at Lund, Sweden. 
Although capable of discharging 2,400 
gpm, the pumps described by Wenn- 


Iw 7 


most 


Recirculation of 


lation of 


ties 1S 


raising or 
oxvgen level, 


} 


leve 


according to 
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strom require only 0.28 hp to raise wa- 
ter 6 in. and could be driven by a 1-hp 
motor. For proper operation of a 
waste stabilization pond system, it is 
suggested that interpond transfer c¢a- 
pacity be provided at 10 times the in- 
fluent rate. This figure is based on 
moving large quantities of water from 
one pond cell to another within a pe- 
riod of a few hours. Such transfers 
are of importance in adjusting the pH 
value and in altering dissolved oxygen, 
alkalinity, carbon dioxide, and biota 
concentrations in the pond units, so as 
to obtain efficient operation of the bio- 
logical processes involved. Recircula- 
tion on a continuous basis, however, is 
a waste of energy, especially at such a 
high rate. 

The influent to each pond should be 
distributed evenly across the width of 
the pond. This can be accomplished by 
using a perforated board trough or 
pipe manifold. Velocities within the 
influent distributcr should be high 
enough to keep it scoured free of sludge 
and grit. Gravity flow from one pond 
to another and final effluent discharge 
should be provided by several pipes 
evenly spaced across the end of the 
pond and located with their inlets at 
least one foot below the surface. The 
size and number of such pipes may be 
based upon an inlet velocity of 0.25 


fps. 
Conclusions 


From the theoretical, experimental, 
and statistical studies (1)(2) and the 
discussion herein, the following con- 
clusions may be drawn: 


1. Waste stabilization ponds may be 
designed and operated under a wide 
variety of conditions. A formula for 
determining volume has the form 


V = 5.37 x 


where V is in acre-ft, VN is number of 
people served, q is in gpd/eap, y 
is 5-day 20°C BOD in mg/l, and T is 
operating temperature in °C, 
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2. Waste stabilization ponds may be 
designed and operated to accomplish 
all of the functions provided by com- 
plete sewage treatment plants. 

3. Both BOD loading and hydraulic 
loading of a pond installation should be 
based on volume rather than area; how- 
ever, depth limitations are important. 

4. Optimum depths range from 2.0 to 
3.0 ft. 

5. For the aerobic-anaerobic type of 
stabilization pond reported herein, tem- 
perature is the most important factor 
relative to rates of waste stabilization, 
required detention time, and volume of 
pond. 

6. The light available at geographic 
locations in which there is no signifi- 
cant winter ice cover is more than ade- 
quate to support the required photo- 
That light be avail- 
able each day is important; however, 
solar light intensities greater 
than 600 to 1,000 ft-c have relatively 
little additional effect on the stabiliza- 


synthetic activity. 


incident 


T ion pre esses. 


7. Bacteria are mainly responsible 


I 
for the oxidative and reductive proc- 
esses that take place in most stabiliza- 


tion ponds, while algae play an impor- 
tant role in using up excess carbon di- 
At 
volved, oxygen production is insuffi- 


oxide. the low algal densities in- 
‘ient to satisfy any more than a small 
fraction of the BOD. 

8. Intrapond recirculation is not 
warranted. 

9. Interpond pumping to enable 
rapid transfer of large quantities of 
water from one pond to another is ad- 
vantageous on oceasion. Facilities for 
providing this should be designed and 
installed ; 


culation by means of these facilities is 


however, continuous recir- 


of no significant value. 
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EVALUATION OF BOD BOTTLE-CLEANING 
TECHNIQUES 


By JosepH P. MASCARENHAS AND GERHARD KLEIN 


Sanitary Engineering Research Laboratory, University of California, Richmond, Calif. 


The dilution method of BOD de- 
termination has endured as a standard 
in spite of many efforts to replace it by 
other, presumably simpler, procedures. 

The standard BOD method (1 
specifies that the ineubation bottles 
should be cleaned with chromic acid 
mixture, carefully rinsed, and drained 
before use. This procedure is not only 
time consuming but also inconvenient 
because of the hazardous nature of 
the cleaning solution. Furthermore, 
as Butler and Johnston (2) have de- 
termined, chromic acid may be 
retained on layers of incom- 
pletely Thus, if 
treatment is 
applied conscientiously, it may do more 
that it might (a 
with bacterial growth, or (b 
iodide 
titration-oxidation not re 
residual DO in the dilu- 


some 
grease 
cleansed glassware. 
the cleani 


g-solution 


not 


good in 


harm 
interfere 
cause oxidation of 


some of the 
lated 
tion. 
This sought to 
mine whether a quicker bottle cleaning 
procedure without the attendant haz- 
ards of cleaning solution might be 
substituted for the standard (1 


If the necessary BOD tests in sewage 


to the 


investigation 


deter- 


treatment limited merely 


influent and effluent of a single- 


plants were 
to th 
stage treatment, the amount of work in- 
volved in the 

would not be of much concern. 


performing analyses 

Often, 
necessary to determine 
the BOD reduction accomplished by 
each treatment unit, as well as the BOD 
at different points in the body of water 
into which treated waste is discharged 


however, it is 


This requires the use of considerable 


of incubation bottles. For ex 


ample, the primary sewage treatment 


numbers 


plant of the East Bay Municipal Utility 
District, located in the San Francisco 
Bay area, uses an average of 50 bottles 
aday. This plant treats approximately 
It may be assumed that simi- 
lar numbers of bottles are used in other 


55 med. 


plants of comparable magnitude, and 
even larger numbers are 
in the evaluation of industrial 
problems and in 


needed 
waste 


often 


research laboratories. 


Procedure 
An acceptable method for cleaning 
BOD bottles must meet two criteria: 
a) replicate dilutions must lead to re- 
sults reproducible within certain limits ; 
and (b) the 


must closely 


average of these results 
those derived 


bottles 


approach 
from similar dilutions made in 
cleaned by an accepted method. 
In this 
solution 
method. 
were set up in bottles so cleaned and 
in bottles cleaned by 
methods. The results 
corresponding to each cleaning proce- 


chromic acid 
the 


Ten replicate dilutions each 


investigation, 


was taken as standard 


several other 


average of the 


dure was then compared to that ob- 
tained by the standard method. The 
coefficient of variation was used as a 
measure of reproducibility 

The 


mestic sewage. 


substrate used was se 

In all but the final 
six experimental runs, the sewage was 
previously sterilized by autoclaving to 
provide a considerable quantity of ma- 
terial of known BOD, thereby obviating 
the necessity of making several dilu- 
tions. The last run made with 
fresh sewage in order to insure the ap- 


was 


plicability of the results to the normal 
which might involve 
that are removed or altered in the proc- 


case, substances 
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ess of sterilization. Since several dilu- 
tions would have required large 
amounts of dilution water, an estimate 
was made at the proper dilution and the 
run repeated until the depletion fell 
within the limits recommended by 
‘*Standard Methods.’’ The volume of 
sewage used was 15.00 ml in the first 
three, and 10.00 ml in the last three. 

The dilutions were made with stand- 
ard water in 300-ml 
water-seal BOD bottles cleaned by one 


of the following methods: 


dilution 


seeded 


1. Chromic acid procedure recom- 
mended by ‘‘Standard Methods’’ (pp. 
3 and 26] The bottles were filled to 
above the ground portion in 
the neck and allowed to stand a mini- 
mum of 30 The cleaning 
solution was then drained and the bot- 
tle flushed by placing it upside down 
on a ring stand over a continuously 
flowing jet of warm tap water. Care 
was taken to allow the jet to reach the 
inside of the bottom of the bottle at 

After this treatment, the 
bottles were rinsed once with distilled 
water. The stoppers were allowed to 
‘leaning solution for not less 
than 30 see and then carefully rinsed 
with tap and distilled water. 


ynds. 


all times 


soak in 


2. Tap water method with brush. 
Bottles and stoppers were soaked in 
warm tap water for 10 min, then 


brushed on the inside for 30 see with 
a mechanical brush, rinsed with warm 
water on the jet, and finally rinsed 
once with distilled water. 
3. ‘‘Labtone’’ treatment. After soak- 
min in a solution of one 
of Labtone per gallon of 
warm water, bottles and stoppers were 
thoroughly rinsed with warm water on 
the jet and finally rinsed once with dis- 
tilled water. ‘‘Labtone’’ is a solid de- 
tergent, represented by a distributor 
3) as composed of carbonates, phos- 
phates, and organic detergents, capable 
of holding and magnesium 
hardness in solution and of removing 
dirt, grease, blood, ete. 


ing for 10 


ounce (31 ¢ 


calcium 
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4. ‘‘7X’’ * and distilled water. This 
treatment was similar to No. 3, but used 
a five per cent (by volume) solution of 
instead of ‘‘Labtone.’’ ‘‘7X”’ 
is a concentrated liquid, made up of an 
anionic surface-active agent and special 
solvents. Alkaline salts such as com- 
plex phosphates have been added as 
builders. This detergent for the clean- 
ing of glassware employed in _polio- 
myelitis and equine encephalomyelitis 
virus research has been reported (4) 
(5). 

5. ‘*7X’’ without distilled 
This treatment was as in No. 
omitted the distilled water rinse. 

6. ‘‘ABS”’ (alkyl benzene  sulfo- 
nate) treatment. This followed that 
outlined in No. 3 except that it used a 
0.2 per cent solution of alkyl benzene 
sulfonate instead of ‘‘Labtone.’’ The 
sample of ‘‘ABS’’ used in this study 
is representative of a class of deter- 
gents made by alkylating benzene by 
the Friedel-Crafts reaction and subse- 
quent sulfonation. The batch employed 
was prepared with an alkane contain- 
ing an average of twelve carbon atoms 
(tetrapropylene) and contained 90 per 
cent sulfonate. A similar product is 
obtainable from several firms. 


water. 
4 but 


7. Cold tap water rinse on the jet. 


In order to make the first run com- 
parable with the others, sewage dilu- 
tions were initially set up in all bottles, 
incubated at 20°C for five days, and 
treated with the Alsterberg (azide) 
modification of the Winkler method for 
the determination of dissolved oxygen 
(1). Ten botties each were then sub- 
jected to one of the seven cleaning pro- 
cedures enumerated and BOD. tests 
were performed in them on aliquots of 
the same substrate. In subsequent 
runs, the same bottles were always 
again cleaned by the same procedures. 

A total of six runs were made. 
Within each run, 10 replicate deter- 


* Manufactured and sold by the Linbro 


Chemical Company, 681 Dixwell Avenue, New 
Haver 11, Conn. 
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minations were made corresponding to 
each bottle-washing procedure. 


Experimental Results 


For each set of replicates, the eco- 
efficient of of the BOD was 
computed according to the following 
equation : 


variation 


where 


C’, = coefficient of variation, 

X; = ppm BOD measured in ith 
replicate, and 

m = mean BOD of 10 replicates. 


The results are presented in Table I. 


The depletions in Run 3 were be- 
tween 91 and 95 per cent. Although 
this exceeds the limits given by ‘‘ Stand- 
ard Methods,’’ the results were retained 
since they fitted well into the range of 


+ 


the other tabulated values. 


Chromic Acid 


treatments, the standard 
chromic acid procedure led to the great- 
est reproducibility as shown by its aver- 
age coefficient of variation, which was 
the lowest of any The indi- 


vidual variation of the 


treatment. 
coefficients of 
runs with chromic acid varied only be- 
tween 1.0 and 1.6 per cent, remaining 


relatively constant as compared to the 


variation corresponding to some other 


TABLE I.—Effect of Cleaning Procedure 
on Reproducibility of BOD Test 
for Six Runs 


Coefficient of Variz 
Per Cent 


distilled v 
stille 


d 


no di 
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treatments. These observations indi- 
cate that the chromic acid procedure 
has properly been chosen as the stand- 
ard method, and that this technique, 
except for the bottle-washing pro- 
cedure, gave satisfactory reproducibil- 
ity. 

‘*Standard Methods’’ in its 


sion of checking dilution water quality 


diseus- 
standard organic 
BOD 
varying by not over 4.5 to 5 per cent. 


that certain 


states 


compounds should show values 


Assuming this to represent the 95 per 


cent confidence level, the average co- 


efficient of variation of 1.3 cent 


per 
in that the 
level 


compares favorably with it 


95 per cent confidence would 


amount to approximately 2.6 per cent 


variation, correspond to two stand- 


tions It should be 


that the making of several dif- 


noted, 


ard aevi 
however, 
ferent dilutions, as is usually necessary, 
would add an additional variation. 


Other Treatments 


Of the othe 

that with **7X’’ 
water, that with ‘‘7X’’ and no distilled 
water, that ‘*ABS’’ 
variations not in excess of those implied 


‘Standard Methods.’ 


treat 
reat- 


} 


ments, and distilled 


using show 


and 
acceptable in ‘ 


The final rinse with distilled water 


does not appear to make a significant 
lifference in the coefficient of variation 
considered 
Furthermore, the *‘7X”’ 


atment yields a reproducibility very 


This step may, therefore, be 


ecessary. 


s'milar to the chromic acid treatment 
the results herein on settled 
since the ‘‘7X”’ 
treatment is considerably more conven- 
ient, it could properly be substituted 
acid 
coefficients of variation 
of the other methods all fall within the 
limits indicated by ‘‘Standard Meth- 

l Individual 


ods.’’ 
ficients of 


Based on 


and 


domestic sewage. 


for the chromic treatment. 


The average 


values of the coef 


variation, however, 


exceed 


occa- 
limits. The use 
of these other treatments could, there- 


sionally these 
fore, be less accurate. 


Although the difference between 


te 
Fe 
| | 
( ) — : 
| 
| 
ats 
a 
ic 
Labtone’ with brush | 1.8 1.0/ 1.6/1.3) 1 
7x 1.8/1.6) 2.2 1.2/1.0 1.3 
7X 11/14 1.7 | 3.0 2] 
water 1.4) 1.2/1.5 92 
old tap w 1.5/2.1 
ap water 2 
ater 2.5/2.2) 1.1 1.5 
3.4/2.0) 1.4) 2.3 
ig 


20, No. 8 


TABLE II.—-Mean BOD Values for 
Five of Six Runs 


Mean BOD, ppm 


2 4 5 


105.7 | 105.7 | 118.9 
105.4 
105.8 


104.8 


108.3 


variation of 1.3 and 2.3 
not appear alarmingly large, it 
3.1 times [| (2.3/1.3)° 


as many samples would have to be run 


coefficient of 
may 
does mean that 


with the method having the larger co- 
efficient of than with the 
method the smaller coefficient 
order to obtain a mean 
BOD value of the same significance. 

accuracy can be 
tolerated and rapidity and simplicity 


variation 
having 
of variation in 

If somewhat less 
are essential, a simple, thorough rinse 


with cold tap water would appear suffi- 


cient. 


BOD Results 


The average BOD values correspond- 
ing to the 10 replicates for each treat- 
ment and each run except run No. 3 are 
presented in Table II. 

The 


mitted 


results of 


No. 3 


excessive 


run 
the 
encountered. 

ween the 


were 
de- 
Agreement be- 
results associated with dif- 


owing to 


iletions 


ferent bottle-washing techniques in any 
one run is satisfactory, except for an 
rise in the last three 
treatments of run Nos. 4 and 5. Since 
the substrate was different for each run, 


unaccountable 


no comparison can be made between 
corresponding treatments in different 
runs. 

Collateral experiments showed that, 
while residual cleaning solution has a 
markedly depressing effect on the BOD 
value of sewage, *‘7X’’ exerted a sig- 
nificant BOD, and ABS”’ and Lab- 


tone’’ affected the BOD only slightly. 


BOD BOTTLE CLEANING 


Summary 


Several methods of cleaning BOD 
bottles were compared in order to find 
methods equivalent to a reference pro- 
cedure (chromic acid treatment), but 
more convenient. It was established 
that a detergent (‘‘7X’’) gave results 
quite comparable in reproducibility to 
the reference method. Other treat- 
ments gave less reproducible results 
but in general fell within the limits 
given by ‘‘Standard Methods.’’ The 
method itself gave rise to 
more reproducible results than stipu- 
lated in ‘‘Standard Methods’’ and was 
thus the most suitable 
standard method, although some of the 
alternate methods tested were demon- 
strated to be sufficiently precise for 
most work. 


reference 


confirmed as 
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UNIFORM STATE AND INTERSTATE SEWAGE 
TREATMENT DESIGN STANDARDS— 
A PANEL DISCUSSION * 


I. INTRODUCTION 


By Greorce W. Martin, Leader 


Superintendent, Sewage Treatment Plant, Green Bay, Wis. 


The subject under consideration is_ terests would fill out the 


certainly broad and one which affects Accordingly, the 
everyone in the sanitary engineering 


discussion. 
consulting engineer, 
the plant operator, and the regulatory 
agency will be discussed by John W. 
Townsend, Frank H. Miller, and Earl 
Devendorf, respectively. In the ab- 
sence of Earl Devendorf, A. F. Dap- 


field. Sooner or later design criteria 
will be governed by state and inter- 
state standards. It is hoped that these 
will be minimum standards which are 
broad enough to permit some degree of ak the 
latitude in thinking, planning, and in pats, 
the reviewing of plans by the State Pollution Control Section, New York 
sanitarv engineers. State Department of Health, read the 

In the planning of this panel it was ‘“‘State and Interstate Agency View- 
felt that viewpoints from different in- point.”’ 


II. CONSULTANT'S VIEW 


By W. TOWNSEND 


Partner, Consoer, Townsend § Associates, Chicago, Il. 


The subject of uniform state and Surveys 
interstate standards for the design of 
sewage works is a vital one for a con- 
sulting engineer who specializes in the 
design of sewage works, particularly if 
the engineer practices in several States. 


In October 1939 the following ques- 
tionnaire was sent to the Health De- 
partment in each State in the United 
States : 


Prior to the time the Upper Mississippi Do you have available bulletins or pamph 
River and the Great Lakes Boards of lets giving the standard requirements for 
i if sewage ~atment ants and 
Public Health Engineers published the Gongs 
/ water purification plants for municipalities 
tentative standards for sewage works in your State, and the items considered in 
in 1949, a designing engineer had to your review of such projects? 
familiarize himself with all the rules. If such information is available, we will 
regulations, and standards (where such appreciate very much the receipt of two 
. copies of same for reference and use in our 
existed ) adopted by the regulatory 
agency in each state in which he prac- 
ticed. Answers were received from 44 
* Presented at the 30th Annual Meeting, States. Ten of the 44 sent copies of 
Federation of Sewage and Industrial Wastes Standards dealing with the design eri- 
Assns.; Boston, Mass.; Oct. 7-10, 1957. teria for sewage treatment plants. Five 
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TABLE I. 


Alabama 
\rizona 


Arkansas 
California 
Colorado 
Connecticut 
Delaw are 


Florida 
Ceorgia 
Idaho 
Illinois 
Indiana 
lowa 


Kansas 
Kentucky 


Louisiana 
Maine 
Maryland 
Massachusetts 


Michigan 


Minnesota 
Mississippi 
Missouri 
Montana 


Nebraska 


Nevada 


New Hampshire 
New Jersey 
New Mexico 
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Standard Requirements for Design of Sewage Treatment Plants 
Adopted by Various States as of October 1939 


Standards Adopted 


Date of Published 
Standards 


Sept. 30, 1933 


July 1, 1939 


1939 


Feb. 1939 


Date Unknown 


Health Authority Remarks 


Do not like to place limitations on con- 
sulting engineers. 

In process of revision. 

Each case considered on its own merits. 
No record of acknowledgment in files.) 

Plan approval required. 

Uses New York and New Jersey require- 
ments. 

Plan approval required. 

Each case considered individually. 

Plan approval required. 


No bulletins on design criteria available. 

Difficult to set up standards flexible 
enough to meet all conditions. 

Each project examined on its own merits. 

Request engineers to submit units of 
design with plans. 

Plans reviewed in light of what is needed 
for the particular installation in the 
light of current good practice. 

Each plan considered on its own merits. 

General regulations only ; no design stand- 
ards. 

Has no authority to set up standards; 
each case considered on its own merits. 

Feels that standards of design were of no 
particular value, especially in sewage 
treatment works where the require- 
ments from place to place are likely to 
vary greatly. Changes in standards 
come so rapidly that as soon as a bulle- 
tin is published it becomes obsolete and 
a new bulletin is desirable. 

(No record of acknowledgment in files.) 

No requirements or regulations of design 
detail. Require submission of plans. 

(No record of acknowledgment in files. 

Examines plans for construction of sani- 
tary facilities. Expected that all such 
construction meet liberal design prac- 
tices at that time. 

Each case handled as a matter by itself. 

Require plans submitted for approval. 
Expect consulting engineers to follow 
what might be considered standard 
practice. Any deviations from ac- 
cepted practices will be reviewed on its 
merits. 
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TABLE I.—(¢ 


Standards Adopted 
Date of Publis! 
Standards 
No 
New York 1914 
North Carolina 


North Dakota 1938 


Oklahoma 


Oregon 
Pennsy!vania 


Rhode Island 


South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 


Vermont 


Virginia 


Washington 
West Virginia 


Wisconsin 


Wvoming 


indicated that they had memorandums, 
were in the process of revising or pre- 
paring standards, or had a joint state- 
ment of policy with other States. Sev- 
eral States indicated that they had no 
legislation which would permit setting 
up standards, and many left the design 
criteria to the judgment of the consult- 
ing engineer, with the reservation that 
any deviation from accepted practice 


Table 
I summarizes the results of this survey. 


would be reviewed on its merits. 
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‘onlinued ) 


ed Authority Remarks 


Whenever secondary treatment processes 
are under consideration, special investi- 
gatl ind will be 
made maximum rates of operation 

Field investigations and conferences re- 
quired consulting enigneers 
and Department of Health representa- 


ns recommendations 


for 
Ww een 


tive 
Plants considered 


and it is practically impossible to 


studies 
apply 


individual 


as 


standards in such instances 


low, character, and use of re- 
the 


each 


Volume ort 
ceiving wate! 
required 


governs degree ol 
treatment for specific 


problem 


irds in process of 


rd of 


reparation 


icknowledgment in files 


capacity only and do not 
h the function of a consult- 
regarding collec- 
Sub- 

2: 


suthority 


treatment 


wage or 


randum dated Oct 


s with 


1939 vering n 
reference to the 


ment plants 


ach plant presents an individual prob- 
it almost 


standards 


making impossible to 
draw up any 

Joint statement of policy by Iowa, Minn- 
esota, and Wisconsin on high-rate filters 
dated May 12, 1939 


A survey conducted by American 
Well Works in 1956 indicated that, up 
to that 17 in the 
United States had published standards 
for the design of sewage works and, of 


time, only States 


these 17, only two were published prior 
to 1948. By 1956, 41 of the 48 States 
were using either all or portions of the 
revised standards we now know as the 
‘‘Ten States Standards’’ (1). 

From these two independent surveys, 
it ean be concluded that prior to 1939, 


ey, 
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Ohio x 
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4 x July 1937 
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x Act in advisor 
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10 of the States had standards; be- 
tween 1939 and 1948, a span of 9 years, 
17 States published standards; and by 
1956, 41 States were using a portion or 
all of the ‘‘Ten States Standards’’ (1). 
It is quite probable that the War De- 
partment directives, circular letters, 
and design criteria published by the 
Government during the war years 
played an important role in develop- 
ing the over-all pattern by standardiz- 
ing the design criteria used in military 
installations throughout the various 
States. With almost all of these States 
thinking along the same lines, it was not 
too difficult a problem to develop a set 
of standards acceptable, at least in 
part, to all 41 of the States referring to 
the *‘Ten State Standards’’ by the year 
1956 
Advantages 

Many 

member, as 


‘onsulting engineers will re- 
State health officers, 
the numerous conferences attended and 
volumes of correspondence which used 
to be required to settle differences of 
opinion on points, sometimes minute, 
concerning the design of a sewer sys- 
or sewage treatment plant. This 
Was necessary because certain phases 
works design were new 
wanted to ultra- 
In retrospect, many of 
the instances were humorous and trying 
but, in the majority of cases, everything 
worked out all right and 
friends 


will 


tem 


of sewage 
and everyone 


conservative. 


everyone 
parted 

This consulting engineering office is 
very much in favor of interstate stand- 
ards as a guide for the design of sewage 
works, provided that there is allowed 
a certain amount of latitude in in- 
stances where it is known, from actual 
operating experience, that considerable 
money can be saved for a client or 
municipality by designing under the 
minimum requirements set forth in the 
standards for sewage treatment plants 
and still obtain the desired over-all 
plant removals. This is particularly 
desirable in cases where additions are 
required to an existing sewage treat- 
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ment plant. To illustrate this point, 
an example may be helpful. 

A sewage treatment plant for the 
City of Marion, Indiana, designed in 
1938 and placed into full-scale opera- 
tion in September of 1940, was designed 
to treat a sewage flow of 6.0 mgd ex- 
pected from an estimated future con- 
tributing population of 50,000 persons. 
Because of a shortage of construction 
funds, a third of the secondary facilities 
was not constructed, thus reducing the 
theoretical capacity of the existing aer- 
ation tanks and final settling tanks to 
4.0 mgd. After 17 years of operation, 
with yearly average flows ranging as 
high as 5.94 mgd, primary tank over- 
flow rates as high as 1,400 gpd/sq ft of 
tank surface area, aeration tank load- 
ings as high as 50 lb of BOD per 1,000 
cu ft of tank volume, and final tank 
surface settling rates in the magnitude 
of 1,400 gpd_sq ft of tank surface area, 
this conventional activated sludge plant 
consistently removes upwards of 90 per 
cent of the 5-day BOD and suspended 
solids present in the raw sewage. Al- 
though excellent removals have been 
obtained in spite of these high loadings, 
in a recent report to the City of Marion, 
loadings for plant additions have been 
recommended which are not as high as 
prevailed in the past but are in excess 
of those allowed in the ‘‘Ten States 
Standards.’’ It was felt that there was 
adequate justification for doing so. 

It is believed that standardization of 
the design criteria in connection with 
sewage works has been of great help to 
the regulatory agencies, the consulting 
engineers, the plant operating person- 
nel, the manufacturer of sewage treat- 
ment equipment, and the client who 
pays the bill. 

The work of the State and Federal 
Health Authorities is made easier by 
standardization of design eriteria be- 
cause a pattern has been established 
and well-designed and operating sewage 
treatment plants have been constructed 
under them, which prove that the eri- 
teria as set forth in the ‘‘Ten States 
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Standards’’ have accomplished the de- 
sired results. The consulting engineers 
right ahead with a basis of 
design dictated by the standards, know- 
ing that when the basic design data are 
submitted to a reviewing authority, ap- 
proval, in most instances, will be a 
matter of routine. Of course, each 
project has to be handled individually 
by a designing engineer, because of 
variations in local conditions, such as 
characteristics, high water, 
plant-site shape and contour, subsur- 
face soil conditions, ete. This often re- 
quires conferences with reviewing au- 
thorities. However, in general, the con- 
sulting engineer is no longer faced with 
the multiplicity of problems which ex- 
isted prior to the adoption of standards. 

Copies of ‘‘Ten States Standards’’ 
are available to plant personnel, thus 
making it easier for them to determine 
why treatment units were de- 
signed for such and such a capacity or 
loading. 

The client benefit of 
years and years of trial and error ex- 


can go 


stream 


certain 


receives the 


perimenting by consulting engineers, 
chemists, public health authorities, sci- 
result 


and universities. As a 
of the cooperation between all of these 


entists, 
agencies, he has full assurance that the 
have been tried and 
tested will provide him with the best 
available facilities for protecting the 
health and welfare of his community 
for many years to come. 


standards which 


Review of Standards 


The established standards should be 
reviewed periodically, perhaps once 
every two years, not necessarily for the 
purpose of changing basic criteria, but 
to consider the value of new innovations 
with works de- 
For example, considerable ex- 


in connection sewage 
sign. 
perimental work is currently being un- 
dertaken to develop new eriteria for 
concentrating sludge by flotation and 
short-period final settling. When cri- 
teria have been tried and tested, they 
could be incorporated in the standards. 
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There are many other innovations that 
are now being patiently studied by 
various manufacturers of sewage treat- 
ment equipment. Studies on acceler- 
ated digestion, and nitrification, in 
connection with the activated sludge 
process, have been in full-scale opera- 
tion for some time. These should also 
be given full consideration by a re- 
viewing authority. With respect to 
new developments, a certain amount of 
flexibility should be allowed in the ad- 
ministration of the standards in order 
to permit full plant-scale installations 
—preferably in existing plants or in 
additions to plants, rather 
than in a The develop- 
ments would under the 
stant supervision of personnel experi- 
enced in plant operation. 


existing 
plant. 
then be 


new 


con- 


Manual of Practice 


As one of Martin’s Task 
Group Members, there has been the op- 


George 


portunity of reviewing, in the various 
draft stages, almost all of the chapters 
to be incorporated in the proposed 
**Manual of Practice on Sewage Treat- 
ment Plant Design,’’ which has been 
developed jointly by FSIWA and the 
ASCE. It is believed that this docu- 


ment is one of the finest pieces of litera- 


ture on sewage treatment plant design 
ever put together by the civil and sani- 
It is not 
intended that this Manual should super- 
sede the ‘‘Ten States Standards’’ but it 
will serve as an additional guide to con- 


tary engineering profession. 


sulting and sanitary engineers in the 
Perhaps this 
Manual, together with the ‘‘Ten States 
Standards,’’ could serve as a basis for 
establishing a set of standards which 
would be recognized by every State in 
the United States. 


design of sewage works. 


Objections to Standards 


It is probable that there are some 
consulting engineers and manufacturers 
of sewage treatment plant equipment 
who feel that interstate standards 
would limit creative ability and place 
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Vol. 30, 
restrictions on the trial of new ideas 
and theories. If, however, the stand- 
ards are written and administered in a 
manner that allows some leeway in par- 
ticular instances and does not place 
strict limitations on the designing engi- 
neer, there is no doubt that this would 
do much to minimize such fears. 
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Reference 


1. ‘‘Standards for Sewage Works, Lilinois, 
Indiana, Iowa, Michigan, Minnesota, 
Missouri, New York, Ohio, Pennsyl- 
vania, and Wisconsin.’’ Upper Missis- 
sippi River Board of Public Health 
Engineers and Great Lakes Board of 
Public Health Engineers, May 1952 
(partially revised July 1954). 


III. OPERATION VIEWPOINT 


By Frank H. MILLER 


Chief Eng 


In Virginia, the right to be governed 
as near the grassroots level as is prac- 
ticable is treasured. Experience as a 
former State Health Department sani- 
tary engineer has led to the conviction 
that guides or standards in some form 
would be of benefit to the designer, to 
the regulatory officials, and to the 
owner. Experience as chief engineer 
for an agency which must depend, to a 
large extent, on the knowledge and 
judgment of others, has served to 
strengthen this conviction. 


Need for Criteria 


Most have read the comments of Wol- 
man (1), Hedgepeth (2), and many 
others cautioning against ‘‘handbook 
criteria’’ and generally supporting the 
thesis stated by Wolman that ‘‘stand- 
ards of judgment are dangerous, fal- 
and inappropriate to scien- 
tifie workers.’’ These comments have 
largely related to stream pollution or 
water quality criteria. They seem 
less applicable, however, to works 
sign where individual initiative, 
sponsiveness to technical findings, 
ordinated effort in preparation of de- 
sign, and critical review of plans and 
specifications must also be classed as 
scientific endeavor. 

Objectionable as such ‘‘ handbook eri- 
teria’’ may be to some, there does ap- 
pear to be a definite place for guides 
or criteria which will bridge the gap 
between technical research, published 


lacious 


neer, Hampton Roads Sanitation District Commission, Norfolk, Va. 


references, operational experience, and 
the drafting board or review table. 
Unfortunately, it must be accepted as 
fact that there is the existence of de- 
signing engineers who are not special- 
ists in the field and who may be even 
totally inexperienced in it, but who are 
nevertheless employed to design sewage 
works for reasons best known to city 
hall. Most agencies responsible for re- 
view and approval know this group 
well, usually to their regret. Certainly 
standards in some form will result in 
improvement in the work turned out by 
such designers. There is also that much 


larger group of designing engineers 
who are competent but who, like all 
professionals today, are limited in their 
ability to keep abreast of all that is 


good or improved. Standards, in 
proper form, would appear to be both 
useful and helpful to them. The task 
assigned in the field of waste disposal 
involves broad public and private in- 
terests far too extensively to permit its 
execution to be the autonomous privi- 
lege of any individual, whether he has 
been directly employed or engaged on a 
consulting basis. 


Form of Standards 


If these standards are to exist, what 
form should they take? Rather than 
standards, would it not be preferable 
to have criteria of recommended prac- 
tice, perhaps similar to the water works 
industry’s Manual of Recommended 
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Practice 3)? The 
seems to imply an 
and an inflexi- 
bility which is hardly in keeping with 
the highly variable needs or desire to 


Water Sanitation 
term, ‘‘standards,’ 


exactness, a legality, 


have initiative and imagination shown 


he solution of problems. They can 


)-mph speed limit on a clear, 
They can also inhibit the 
exercise of good judgment by responsi- 


ble regulatory officials. 


cea: 


open road 
l aa 


These officials 
carry a heavy responsibility. They are 
expected to be technically competent 
hrough adequate training and experi- 
It is imost important that they 
both respect and represent the interests 
of the designer, the owner, and those 
others within the sphere of influence 
of the project proposed. Although it 
has not always been the case, it is now 


ence. 


a fact that they must receive from pub- 
lie tax funds adequate compensation 
and that they must also receive, from 
other public officials, the backing and 
support so essential to their effective 
functioning. Generally speaking, the 
regulatory officials are men of responsi- 
ble judgment and there should be 
placed in their hands only those tools 
which will aid in the exercise of this 
quality. There few elements of 
sewage works that lend themselves to 
rigid interpretation. 

These are the most important rea- 
sons why there should not be adopted 
exact or inflexible criteria of any kind, 
particularly on a basis. 
Nothing would have a more adverse ef- 
fect on the 
works effectively than the rigid appli- 


are 


nation-wide 


ability to operate sewage 
cation of some general standard of de- 
sign not fitted to peculiar needs. It is 
known, for example, of instances where 
chlorination would 
have been fully adequate to meet any 


facilities, which 
normal standard of required capacity, 
were entirely inadequate to meet the 
unusual demands peculiar to the area 
or plant in which they were installed. 
Total 
prematurely, probably because the de- 


replacements became necessary 


signer based his judgment on some gen- 
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erally accepted standard capacity which 
proved to be inadequate to meet the 
situation, even though it was acceptable 
to reviewing officials who perhaps also 
accepted the Such 
standards are no substitute for deliber- 


same standard. 


ate and effective study of prevailing 
local conditions. 
that capacity 
should be adequate to meet local needs 


It seems pretentious 
to say chlorination 
and to dignify this statement by calling 
it a uniform state or interstate stand- 
ard. Yet, it is difficult to find another 
way to define the need. Why not, 


accept this type limitation as a recom- 


then, 


mended practice and supplement it to 
whatever extent is necessary by an ex- 


technical data which 
are pertinent. By so doing there would 
be placed in the hands of the de- 
the regulatory official, and the 
owner a a crutch. It 
is understood that the joint FSIWA 
ASCE the 


previous speaker will be of this type. 


planation of the 


signer, 
euide but not 
anda manuai mentioned Dy 
Many, if not most, of the questions en- 
i best 
view. 


into design are probably 
is point of 


would 


tering 
approached from 


Certain to be inclu be such 


factors as the following: digester ca 


pacity, as it relates to type loading on 


the system; filter or treat- 


secondary 
ment unit loading and digester heating 


provisions, as they relate to local 


climate ; sewage temperatures ; and type 


digester used. 


Specific Criteria 


Certain design criteria can be more 


specific. might well relate 


(one ot these 
to safety. 


Latitude 
} 


involved should not be the privilege of 


where safety is 
any individual or agency. Local codes 
and ordinances are not adequate in this 
respect at present, and guides and ref- 
both limited and poorly 
consolidated. From some source there 
should be placed in the hands of both 
designers and regulatory officials, stand- 


erences are 


ards which are uniform and capable 
of rigid application. Such 
down-burning to a near-dangerous de- 


things as 


ere > 
yus 
gust 
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gree within waste gas piping is not 
unusual. There are also waste gas 
burners at times which appear peril- 
ously near gas-holding or handling 
structures. Some recognized standard, 
and a requirement for adherence to it, 
would materially reduce such hazards. 
Standards of water supply quality 
and protection, of property value. and 
of other communit) -interest protection 
should be subject to whatever uniform 
guides are established and subject also 
to approval by or through a single re- 
viewing agency. The same applies to 
factors more directly related to pollu- 
tion abatement. 

There are other elements of design, 
relating more directly to treatment ef- 
fectiveness and efficiency, which are 
capable of relatively precise definition. 
Most of them are uniform in textbook 
and publication definition, but, in the 
absence of guiding standards, are not 
uniform in their application and use. 
It is an irksome and expensive task for 
reviewing authorities, whether acting in 
a regulatory capacity or as the owner’s 
agent, to secure mass correction of 
plans and specifications once they have 
been prepared. Much time and effort 
on the part of reviewing authorities, 
owners, and engineers could be saved 
if fixed limits were to be established 
where applicable and made known to 
all concerned. 


Factors in Development 


Two factors are essential to the de- 
velopment and effective use of adequate 
guides: (a) they must be the result of 
group study where the interests of all 
who have knowledge of the subject are 
represented; and (b) they must be 
subject to constant review and _ re- 
vision to assure consideration of the 
latest technological information avail- 
able. Standard Methods for the Ex- 
amination of Water, Ne wage, and In- 
dustrial Wastes (4) is a good example 


of how both needs can be capably met. 


The practicability of having designated 
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committee members carrying total re- 
sponsibility for such work on a volun- 
tary basis incidental to their regular 
duties may be questionable, however. 
Most people lack the time required for 
the competent performance of such out- 
side work and, when attempted, there 
is imposition of both time and expense 
demands on employers that may be un- 
justifiable in some instances. This may 
well be a normal and proper place for 
federal participation. Under the lead- 
ership of an effective federal agency, 
better coordination might be developed 
between two or more states. It is also 
possible that information obtained by 
such a group would be superior to that 
attainable by any independent associa- 
tion or group. If representative par- 
ticipation were to be secured on an 
expense-paid consultant basis with the 
appropriate agency of government 
bearing the burden of correspondence, 
coordination, and publication, such 
committee representation could be just 
as broad and its influence just as 
effective as under any other system. 
Many are thoroughly frightened by the 
bureauocratic exercise of federal power 
as exemplified by loan or grant pro- 
grams; the invoking of federal stand- 
ards through either financial or legis- 
lative pressure; and by expensive and 
duplicating review of plans, account- 
ing, and supervision. On the other 
hand, it should be recognized that, as a 
source of technical information or ad- 
vice, as a coordinating authority, and 
as a clearing house for the widespread 
contributions which an individual ean 
render, there is no level of publie or 
private administration which seems as 
capable of rendering such service. 


Operator’s Contribution 


Whatever is to be the source or na- 
ture of so-called standards, most of 
those who are responsible for effective 
operation feel they should have some 
voice in their development and in their 
application. It is disconcerting to find 


— 


OSS SEWAGE 
in operation that some design feature 
or piece of expensive essential equip- 
ment does not adequately perform its 
function. It is also disconcerting to 
the operator who sees these shortcom- 
ings and points them out to the de- 
signer or state regulatory agency, or 
both, to see the same features incor- 
porated in other later designs, without 
any recognition being given to his con- 
tribution. On the other hand, most of 
the consulting engineers with whom op- 
erators have to deal, appear to wel- 
come any reasonable comment or criti- 
cism which may improve operational 
effectiveness. 

Those who have drifted into opera- 
tions from other fields tend to have the 
feeling that every designer should have 
in his background actual operating ex- 
perience. This may be desirable but 
it is more likely that, if there is fault 
involved, it probably rests on those op- 
erating sewage works rather than on 
the designing engineer. Considering 
the large number of operators, there is 
far less written for publication than 
contributed by contemporaries engaged 
in the theoretical development, or in 
consulting engineering, or in govern- 
ment. More than any other group, op- 
erators’ activities become dedicated to 
a routine, to scrambling out of some 
corner brought on by breakdown or 
and to 
the pressure of keeping in motion the 
wheels that are present. The latter 
due to the feeling that the 
acquisition of new and better wheels is 
such a remote possibility. Lack of 
communication by operators as 4a 


other unforeseeable occurrence, 


may be 


group is probably one of the major 


‘ 


faults 


ards,’’ 


Some type manual, or ‘‘stand- 
would appear to be an ideal 
method for bridging this lack of com- 
munication, provided the field experi- 
ence of operating personnel is sought 
out and made available in its prepa- 
ration. There is no substitute for the 
first-hand experience available. It is 
a real obligation to see that it is made 
available the 


and it is obligation of 
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associates throughout the field of waste 
collection and treatment to see that it 
is incorporated in some form to best 
serve common interests. 


Application of Criteria 


enforcement of cri- 
their form, should be 
most effective when administered at the 
lowest practicable level of administra- 
tive authority. 


Application or 


teria, whatever 


This may be by local 
compacts, commissions or authorities, 
by the state, or by the federal govern- 
ment. For most, the state level and its 
this 
level of respol sible au- 
thority. Whatever the level may be, 
it is to be hoped that it will be largely 
autonomous; that it be made so by full 
support of its parent 
agency; and that it can function with- 


] 
out delay 


sanitary engineering division is 


le effect ive 


backing and 


and without duplicating 


eross-check and reference to others 


There may be solace in the moral sup- 
port gained by having others com- 
mitted to the same opinion, but it is 
ased at the cost of forth 


right and decisive application of de- 


usually purcl 


cisions deliberately reached, and at the 


expense of the prestige which is so 


essential to a body on which is imposed 
regulatory judgment of this kind. 


Conclusion 


The 


standard 


type of recommended practice 
most 
from the operation viewpoint should be 
premised on the realization that: (a 

it cannot be entirely uniformly applied 
on either a state or interstate basis; (b 

it can be effectively evolved only if all 
levels of authority and knowledge have 
the opportunity to participate; (¢) it 
must be in such form and so admin- 


which effective 


seems 


istered as to be a guide to responsible 
judgment, but by no means a substitute 
for it: and (d) it must be reviewed and 
revised at such intervals as will main- 
tain it current with new findings and 


needs in this important field. 
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This is a new breed of technicians, 
who daily struggle with the unpre- 
dictable and the unknown. By these 
struggles progress has been made. By 
interpreting this progress in terms of 
recommendations or guides to good 
practice, gains can be consolidated to a 
great degree, provided, in so doing, 
there is not a tendency to limit the 
initiative and enthusiasm which has 
been so characteristic of efforts thus 
far. 


Director, Bureau of Environmental Sanitation, New York State Department of Health, 
Albany, N. Y. 


This panel discussion is on a topic 
which is extremely important to the 
members of this Association, to the con- 
sulting engineers, to sewage works op- 
erators, and to the chief engineers and 
staffs of the state health departments 
who are responsible for the approval of 
plans for the design of sewers and sew- 
age treatment and industrial waste 
treatment plants. A similar discussion 
of standards of water works design was 
presented last year at the Annual 
Meeting of the American Water Works 
Association at St. Louis, and this 
proved to be very constructive and 
valuable to all concerned. 


Development of Guides 


In presenting the state agencies’ 
viewpoint, it should be explained that 
New York State has adopted the stand- 
ards or guides prepared by the Great 
Lakes and Upper Mississippi River 
Boards of Public Health Engineers (1). 
Since the remarks which follow will 
deal, to a large extent, with New York 
State experiences in applying these 
guides, it may be desirable to explain 
the circumstances which led to their de- 
velopment. 


Some six years ago, at one of the 
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annual meetings of the Great Lakes 
and Upper Mississippi River Boards of 
Engineers, some of the state engineers 
outlined difficulties they were experi- 
encing with some of the consulting engi- 
neers who attempted to justify requests 
for reduction in the state engineers’ re- 
quirements for design of proposed 
sewers and sewage treatment plants. 
In this justification, the state engineers 
were often confronted with statements 
by designing engineers, based on per- 
formance data usually furnished by 
equipment salesmen, that the standards 
were in excess of those of adjoining 
states. This led to the suggestion, by 
some of the board members, that it 
would be a good idea to have the chiefs 
of the water and sewage sections de- 
velop a set of guides or standards for 
water works and sewage treatment 
plant design that could be adopted by 
the ten states. As a result, a great deal 
of time and money was spent by the 
member states in arranging for engi- 
neers to meet in Chicago twice each 
year. These meetings ultimately led to 
the development of the guides that have 
been concurred in and agreed upon by 
the Great Lakes and Upper Mississippi 
River Boards of Public Health Engi- 
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neers (1 In this program, the assist- 
ance of the United States Public Health 
Service was obtained through the as- 
signment of one of their engineers to 
work with the boards in the develop- 
ment of these guides. 


Minimum Standards 


While one of the reasons for the ac- 
ceptance of these guides was the repeated 
of consultants and 
men that there was no uniformity of 


claim equipment 
requirements among the states in the 
Great and Upper 
River Board’s area, this was not the 
only reason. Another important one 
was the need for some guide lines for 
the 
only infrequently gets a job to design a 
water works or sewer system. 
the most difficult and most 
problems is that of the review of plans 


Lakes 


Mississippi 


local professional engineer who 
One of 


eommon 


of engineers who are not experienced 
in the field of sewage treatment design. 
In such instances, a great deal of time 
is usually spent in having the plans, as 
submitted, modified in accordance wit. 
accepted practice. This not only takes 
staff time but also delays projects that 
would otherwise have been handled in 
If all sew- 
age works systems could be designed by 
engineers experienced in this field, state 
would be relieved of 
hours of detailed 

and revision of plans. However, this 
The 
many smal] 
ealled upon to 
undertake the preparation of plans and 


a more efficacious manner. 


engineers 


many 
unnecessary review 
is not possible at the present time. 
professional engineer in 
communities is often 
construction involving 
the enlargement of 
existing facilities for sewers and sewage 


supervision of 


new facilities or 
The euides 
have been developed largely for the 
purpose ot 


treatment works systems. 
setting up minimum re- 
quirements for the design of sewage 


and industrial waste treatment works 


Variations 


these 
final 


that 
the 


be understood 
not regarded as 


It should 


ouides are 
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standards for 
fact, 
changes have been agreed upon. 


the 
design; in 


word on sewage 
numerous 
Speak- 
ing for New York State, variations on 
the regulations provided in the guides 
are often approved, provided that the 
engineers have a justifiable reason for 


works 


such variations. 


Specific Areas of Disagreement 


This discussion has been limited so 


far to matters of general application 


and policy as time does not permit 
going into any details on the subject 
matter covered in the manual, which is 
referred to ‘Ten States Stand- 
ards’’ (1 In general, 
accepted in New York State. 
have 


as the 
it has been well 
There 
numerous discus- 


been, however, 


sions with some of the consulting engi- 
the regulations. 
felt that 
be helpful to present here 


points which the consult- 


certain of 


neers on 


For this 
it might 


reason, it has been 
some 
ing engineers have raised with regard 
to certain of the 
‘Ten 


requirements of the 
States Standards” 

1. Some of the engineers disagree 
with the weir loading rates specified 

Item 54.14. ‘‘ Weirs.”’ 

2. think 
that the requirement that plans, etec.. 
should 
prior to date upon which action is de- 
sired is 


Some of the engineers still 


be submitted at least 30 days 


inreasonable. They frequently 
bids 
Item 10. ‘‘ Engineering.”’ 


submit them just before the are 
received. 

8. It is difficult to obtain from some 
of the engineers a list of establishments 
producing industrial wastes, together 
with the quantity, producing periods, 
and character of industrial wastes (flow 


gauging and laboratory analyses) as 
cases, where there is an existing sewage 
treatment 
some engineers are reluctant to furnish 


data on the strength of 


required under Item some 


works and sewer system, 


volume and 
sewage. 

4. In many cases, the engineers are 
reluctant to give the minimum flow fig- 


= 
: 
4 
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ures in the receiving stream. (Item 
11.18. ‘‘Receiving Stream.’’) 

5. Engineers reluctant to 
facts on the present methods of 
and to diseuss the 
possibility of the future disposal of 
with (Item 
11.13. ‘‘Garbage Disposal.’’) 

6. A few engineers submit plans with 
treatment 
works without recommending a particu- 
lar site. This leads to unnecessary de- 
lays since, before giving preliminary 


approy al Ol 


are also 
give 
garbage disposal 
wastes 


garbage 


sewage. 


alternate sites for sewage 


the proposed project, a re- 
port is required from district engineers 
on the suitability of the site finally 
Item 11.16. ‘‘Site.’ 

7. Some engineers believe that when 
plans are submitted they should not be 
required to submit specifications for 


selected 


review 

8. Some engineers fail to place ca- 
pacities of pumps and other equipment 
They indicate that this 
the 
But specifications are not stamped with 


on the plans. 


information is in specifications. 


official approval as are the plans. 

9. A number of engineers still put up 
values than .012. 
** Velocity of Flow.”’ 


a case for lower ‘‘n’”’ 
Item 2: 

10. A not 

with the standard’s interpretation of 

other two-story package units, such as 


few engineers do agree 


and ‘‘clarigestors,’’ as 


(54.4 and 61. 


spirogesters’”’ 


‘Imhoff tanks.”’ 
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11. Some of the engineers disagree 
about the necessary correction of figures, 
given in the table under Item 62.22 for’ 
sludge digestion tank capacity.-Some 
of these engineers are designing new 
units, or remodelling an existing sewage 
treatment plant and/or sewer system, 
where the characteristics of the sewage 
can be obtained and the digestion tank 
capacity can be computed as shown 
under Item 62.21. 

12. Some of the engineers feel that 
gas piping does not need to be at least 
21% in. in size. (Item 62.33.) 


The results of this discussion should 
prove to be most helpful to the Great 
Lakes and Upper Mississippi River 
Boards of Public Health Engineers 
when the present guides are up for re- 
vision in 1958. As previously indi- 
cated, the chiefs of sewage sections meet 
twice a year in Chicago to consider such 
revisions. Your comments and sug- 
gestions for modifications will be most 
welcome. 
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Industrial Wastes 


By R. H. SourHer 


Textile wastes have long been con- 
sidered one of the most difficult and 
complex wastes to treat due to their 
variable nature, ranging from heavily- 
polluted, chemically-strong discharges 
to relatively uncontaminated rinse wa- 
ter. But modern research has altered 
this thinking; textile wastes are no 
longer considered to constitute such a 
difficult treatment problem. If these 
wastes contain no toxic material and 
have adequate nutrients, they can be 
treated satisfactorily by biological proc- 
esses in the same manner as domestic 
sewage. 

The problem that faces the textile 
industry today is the development of 
methods of treating its wastes which 
are economical as well as effective. Due 
to rising construction and treatment 
costs there is an inereased need for 
research on more economical methods 
of treatment. Industry can be expected 
to be more cooperative in the waste 
treatment field when costs are not ex- 
cessive. Unreasonable cost for waste 
force industries to seek 
new locations where lower waste-treat- 
ment costs will reduce the cost of goods. 
Examples of reduced costs for waste 
treatment are seen in some of the 


treatment may 


newer high-rate treatment concepts, in- 
cluding biosorption and endogenous 
respi “ation 

* Based on a paper presented at 1957 An 
nual Meeting, North Carolina Sewage and 
Industrial Waste Assn.; Raleigh, N. C.; Nov. 
11-13, 1957. 
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CURRENT RESEARCH ON TEXTILE WASTE 
TREATMENT * 


AND T. A. ALSPAUGH 


Cone Mills Corporation, Greensboro, N. C. 


As an adjunct to waste treatment, the 
textile industry has also been interested 
in the various waste-reduction measures 
as a means of lowering treatment cost. 
Some of these measures include substi- 
tution of low-BOD chemicals for high- 
BOD chemicals, reductions in flows, 
reuse of water and chemicals, modifica- 
tion of processes, and recovery of usable 
products. These factors have been dis- 
cussed in previous papers (1)(2)(3 
(4 

This paper covers three phases of the 


} 


research work at the Cone Mills labora- 
tory. These are: (a) the various char- 
acteristics and pollutional effects from 
cotton processing; (b) research on some 
of the more practical treatment meth- 
ods for textile wastes; and (c) the ef- 
fect of various outside factors on satis- 
factory biological treatment. Among 
the various factors affecting biological 


treatment are the following: 


1. Concentration of textile waste in 
mixed sewage and waste. 

2. Alkalinity and pH. 
3. Size of experimental filter units. 


4. Provision for recirculation of fil- 


5. Temperature changes. 

6. Some compounds and their tox- 
icity (chromium, cyanides, and ferro- 
cyanides 

7. Provision for lagooning or storage 
before biological treatment. 


on 
is 
at 
> 
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Cotton Industry Liquid Wastes 


In a review of the processes usually 
used in the textile industry to convert 
fibers into finished goods, it is obvious 
that only certain of these procedures 
have liquid-waste effluents. In general, 
the processes connected with prepara- 
tion for weaving, preparations for dye- 
ing (cleansing), dyeing, and finishing 
produce most of the objectionable 
wastes that require disposal. The fol- 
lowing operations are connected with 
these processes and are discussed along 
with the wastes produced. 


Preparation for Weaving (Slashing) 


The slashing or sizing mixture, con- 
sisting mainly of starch and a softener, 
is normally applied to the yarn to 

and make it easier to 
the loom. The waste from 
this operation, including the wash-up 
of starch kettles, slasher machines, floor 
scrapings, and any size-material left 
over at the end of the week, is very 
strong in pollutional material, but low 
in volume. Several compounds ean be 
used in sizing, including stareh, starch 
substitutes, polyvinyl acetate, and ear- 
boxy methylcellulose (CMC). Numer- 
ous investigators have suggested substi- 
tution of CMC for starch in warp sizing 
to lower the BOD load. Many mills are 
now using CMC as well as other low- 
BOD substitutes. 


strengthen it 


handle on 


Preparation for Dyeing (Cleansing) 

1. Desizing. The size-material ap- 
plied to the yarn during slashing and 
before weaving must be removed after 
weaving and before dyeing or bleach- 
ing. It can be removed in three differ- 
ent ways: (a) in the caustic kier boil 
(here the desizing waste would be in 
the kier waste and will be discussed un- 
der the kier waste section, (b) acid de- 
sizing, and (¢) enzyme or malt desiz- 


ing. The acid and enzyme desizing 


methods follow the same type of op- 


eration. The cloth is run through the 
desizing solution into boxes where it 


stays moist for several hours to allow 
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the desizing agent to act. Then it is 
washed to remove the starch which has 
been hydrolyzed into soluble form 
(dextrin or glucose). The waste from 
either the acid or enzyme desizing op- 
eration contains the starch size that 
was on the cloth and is strong in pollu- 
tional characteristics but not large in 
volume. 

2. Kiering (scouring). Kier wastes 
are produced from boiling the greige 
goods in strong caustic (with or with- 
out pressure) to clean and make the 
goods absorbent prior to bleaching and 
dyeing. These wastes are moderately 
high in organic matter and strongly 
alkaline. They contain the following: 
(a) natural vegetable fat, waxes, and 
pectins; (b) fragments of cotton bolls 
and other organic matter; (ce) starch 
and other sizing material (if used and 
not removed prior to kiering); (d) 
caustic soda, soda ash, silicate of soda 
(sometimes), and smal] amounts of 
other chemicals or oils used in the kier 
bath. 

After kiering the goods are usually 
washed or rinsed in the kier, and also 
ean be bleached there. The average 
pollutional characteristics of the waste 
wash water depend on the amount of 
water used for washing, the first rinse 
water following kiering being highly 
polluted but clearing up as rinsing con- 
tinues. 

Kiering practices vary considerably. 
In some cases only a light kiering or 
‘‘wet out’’ is used; in other cases a 
double caustic ‘‘boil out’’ may be used. 
The more rigorous kiering naturally 
removes a greater amount of the im- 
purities and consequently produces a 
more polluting effluent, leaving the well- 
scoured cotton as practically pure cellu- 
lose. The practice of kier boiling can 
be accomplished in several ways. The 
method will depend on the mill and the 
type of goods processed. The methods 
include pressure kiering, scouring in 
jigs or dyeing machine, and open width 
boil-off called continuous 
boil-off). The heavy-type goods (duck, 


(sometimes 
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sheeting, drills, ete.) are usually kier 
boiled in open width set-ups to elimi- 
nate crease and fold marks that would 
result if they were kier boiled in a 
kier. The lighter 
goods and cotton or yarn are done in 
The 
waste from the kiering operation is of 
considerable volume and i 
pollutional material. 

3. Bleaching. The bleaching opera- 
tion usually follows the cleaning or de- 


terging process. 


regular pressure 


pressure kiers or dyeing machines. 


is strong in 


Its purpose is to re- 
move or destroy the natural coloring 
matter in the fiber. Chlorine, hypo- 
chlorite, and peroxide bleaching com- 
pounds are widely used in the cotton 
Wastes from and 


industry. chlorine 


hypochlorite bleaching processes are 


similar in character (strongly alkaline 
containing the partially spent 
bleaching agents and the impurities re- 
moved from the cotton The bleach 
is followed by washing, then by an anti- 


and 


chlor, which can be a 1 per cent sul- 
The commonest 
bisulfite. This 
The goods 


washed thoroughly and may be 


solution. 


furle acid 
anti-chlor is sodium 
process is called souring. 
are then 
soaped and tinted to neutralize 
tained This 
whitens the fibers 
bleach 
rectly in the kier bath or in a second 
The kier boil 
contain peroxide, sodium hydroxide, So- 


any re- 


softens and 


chemicals. 


Peroxide ean be applied di- 


kiering operation. may 


dium sulfate, sodium silicate, and a 


soluble oil. The souring and rinsing 


operations are similar to those used 
with chlorine bleaching. 

4. Mercerizing. In mercerizing ecot- 
ton, the goods are saturated with a cool 
room temperature) caustic solution 
and immediately placed under tension. 
The major part of the caustic is then 
washed out before the tension is re- 
The goods are again washed, 
with dilute acid to neutralize 
any residual caustic, and washed again 


The wastes usually 


moved. 
treated 


consist of the wash 
waters, as the mercerizing caustic is re- 
increase 


used. Mercerizing causes an 
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Dyes Used on Cotton and Their 
General Waste-Water Composition 
Type of Dye Waste-Water Composition 
sodium 
chlorate, 


Aniline hydrochloride, 
ferrocyanide, sodium 
pigment 


Aniline 
ap 


Basic Dye, tannin, tartar emetic, acetic 


acid, finishing oil 


sodium chloride 
hydrochloric acid 


developer beta 


Developed Dye, penetrant 
sodium nitrate 
or sulfuric acid 
naphthol 


or fatty alcohol 


soap or sulfated soap 


Dve, sodium carbonate, sodium 
chloride, wetting agent 


oil, or sodium sulfate 


Direct 


or soluble 


Indigo Dve, caustic soda, sodium hydro- 


sulfite, softener soap sulfonated 


oil 


Naphthol Dye, 
alcohol 
chloride, naphthol 
nitrate, sodium act 


caustic 


soap 


Sulfur Dye, sodium sulfide, sodium 


bonate, sodium chloride 


Vat Dve, caustic soda 
sulfite, 


sodium hvd 
soluble oil, gelatin 
borate or hydrogen peroxide 
Pigments, ammonia, sodium al- 
resin 


Pigment 


ginate 


strength, and a greater af- 


in luster. 
finity for dyes 
Dye ing 

The 


in eotton 


largest volume of waste-water 
comes from the 
yperations. These 


due to the different 
dye and the manner in which they are 


processing 


dyeing wastes are 


varied. types of 
applied. The dve wastes are all large 
in volume and high in color, and some 
be toxic Table I shows the dyes 
used on cotton with their general waste- 


may 


water composition. 
Color Shop (Printing 

The color shop waste consists princi- 
pally of wash waters used to clean print 
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TABLE II.—BOD of Finishing Compounds machines, rollers, color tubs, or other 
-- = equipment. The dye paste contains 
ROD 5-Day starch, so the volume and character of 


BODt 
(%) the waste depend on how freely water 


(ppm)* 


is used in washing and cleaning and 
how much dye paste is dumped to the 
Maethviceiuiose 16 0.16 sewer. Because the printing colors are 
Polystyrene (Stymer 12.0 1.2 expensive, close watch usually is kept 


Polyviny! alcohol 16.0 1.6 on dumping of dy e paste. 
British gum 690.0 69.0 


Finishing 


* Based on 1,000-ppm solution. 1. Plisse. The waste from the plisse 
+ Convert to ppm by multiplying by 10,000. treatment of cotton goods consists of 


BOD 
(ppm)7 


TABLE III.—BOD of Detergent Compounds 


Name Chemical Composition 

Condensate PC ; Fatty amide condensate 

Dianol G , Amide condensate 

Dupono! C J Laury] sulfate 

Duponol D paste ! Long-chain alcohol sulfate 

Dupanol RA / Fortified ether alcohol sulfate 
Duraline i Solvent type 

Energetic ; Polyoxyethylene ester of a fatty acid 
Ethofat C/15 ; Polyethoxyethanol fatty acid ester 
Ethofat C /60 j Polyethoxyethanol fatty acid ester 
Ethomid HT/15 ! Polyethoxyethanol fatty acid amide 
Ethomid HT /60 i Polyethoxyethanol fatty acid amide 
Exol K 144 i Detergent 

Exol XP Specia! J Detergent 

Hymolon K ; Fatty acid amide condensate 
Iberscour Detergent 

Igepal Polymerized ethylene oxide alkyl] phenol 

condensation product 

Igepon T 
Kreelon 8D ! Sodium alkyl ary] sulfonate 
Monatone A J Built soap gel 

Nacconol NR Sodium alky! ary] sulfonate 
Nacconol NRSI Sodium alky] ary] sulfonate 
Orvus AB granules ; Sodium alky! aryl sulfonate 
Orvus EC paste ; Mod. sodium alkyl sulfate type 
Orvus neutral granules ; Mod. alky] ary! sulfonate 

Pluronic F68 i Polyglycol ethers 

Protenol K } Protein and fatty acid condensate 
Rinsol ! Detergent 
Sandopan TLI ! Sulfonated fatty amide 
Soap La Fatty acid soap 
Solpinol Special Pine oil compound 
Special textile flakes d Soap 
Sulfanole KB ; Sodium alky! ary] sulfonate 
Syntholite No. 100 ; Sulfated secondary alcohol 
Tergitol 4 (SO.Na 

CH.CH(CH;): 

Triton X-100 Alkyl aryl polyether alcohol 
Ultrawet 35K yd Sodium alky] ary! sulfonate 

‘itrawet DS ! Sodium alky] aryl sulfonate 
Ultrawet 60L ; Sodium alky! ary! sulfonate 
Xylol scour special ! Detergent 


*C=Cone Mills laboratory; A=AATCC-RI Section BOD of Textile Chemicals (8). 
t Based on 1,000-ppm solution. 


— 
242 
212 
1,250 
450 
330 
160 
122 
1,000 
200 
1,000 
780 
700 
338 
530 
40 
280 
150 
200 
40,80 
0 
14 | 
237 
30 
120 
450 
720 
50 
700 
1,120 
: 
100 
0 
1.5 
2.4 
| 420 
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rinse waters containing acid and print- 
ing paste. 

2. Finishes. Many types of finishes 
are applied to cotton goods. They 
usually starch, gums, waxes, 
resins, or similar materials. The waste 
volume is small (because the 
pounds are expensive) and consists 
principally of kettle washings, ma- 
chine washing, and leftover baths at 
the end of run. 


contain 


com- 


Pollutional Effect 


The pollutional effect of textile 
waste depends on many factors. As 
these factors vary, so does the effect 
of the waste on the receiving stream. 
Some of the factors are: (a) volume 
of waste, (b) type or make-up of waste 
characteristics), (c) flow pattern of 
waste, (d) size of receiving stream, 
(e) oxygen content of receiving 
stream, and (f) flow pattern of stream. 

When large quantities of suspended 
and dissolved inorganic matter are 


discharged into a plant effluent they 
cause a series of ills entirely different 
from those due to the discharge of 


large amounts of organic 
Large amounts of both inorganic and 
organic matter discharged in the plant 


wastes. 


Component 
Chrome Concentration: 
Below 1 ppm Cr 


1 to 2 ppm Cr 
Shock loads, 3 ppm and over 


Cyanide (Table IVb): 
Low concentration 


High concentrations 


Ferrocyanide Compounds (Table [Vc 


Low concentrations 
High concentrations 
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effluent will 
problem. 


further complicate the 


Toxicity to Stream Life 


The many different chemicals used 
in the textile industry have varying 
effects on the biological treatment 
processes and on stream life. Some 
of the various chemicals used in the 
textile industry, their characteristics, 
and their toxic effects on the com- 
ponents of aquatic life (fish and fish 
food), have been given by Catlett 
(5), Besselievre (6), and Rudolfs (7 
the BOD’s of finishing compounds and 
detergent compounds are given in 
Tables II and III, respectively. A 
study also was made at Cone Mills on 
the possibility of substituting pote 
sium ferrocyanide and other oxidiz.. 
agents for sodium bichromate in a par- 
ticular plant operation. Simultane- 
ously, activated sludge units were op- 
erated on mixed textile and 
domestic sewage with no chemicals 
added (Table 1Va), with various con- 
centrations of potassium cyanide (Table 
IVb and ferrocyanide 
Table IVc) in the waste, and a unit 
to compare with previous experiments 
on chromium-bearing waste. The re- 
sults were as follows: 


waste 


potassium 


Results 


Some loss of biological treatment effi- 
ciency. 

Efficiency loss, 10 to 18 per cent. 

Causes a reduction in _ efficiency, 
which picks back up quickly when 
chrome shock load has passed. 


Biological process tends to acclimate 
to some degree after first shock and 
loss of efficiency. 

Shock load causes a large reduction in 
efficiency. 


effect. 
effect. 


No adverse 
No adverse 


f 
7) 
ord 
“a 
44 
| 
ee | 
| 
| 
| 
tate 
» 
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TABLE IV.— Effect of CN on Biological Treatment of 40 Per Cent Textile Waste and 
60 Per Cent Domestic Sewage by Activated Sludge Process; 
Aeration Time 6 Hours, pH Adjusted to 8.5 


Original Waste Effiuent Reduction (%) 


pH BOD Color pH BOD Color DO BOD | Color 


ppm) pp) (ppm) (ppm) ppm) 


(a) No CN Apprrion 


lor 
| 
—) 
te 
to 


0 11.5 362 900 


(b) CN Appep as KCN 


5 10.0 289 600 7.5 106.1 600 | 63.5 0 
10 10.6 301 600 7.8 160.2 600 - 46.0 0 
15 11.1 325 400 8.2 129.6 300 60.0 20.0 
20 10.3 176 350 8.1 68.7 350 60.8 0 
30 11.5 224 350 8.3 152 300 _ 32.1 14.3 


900 


c) CN Appep as K,Fr(CN), 


5 10.0 289 600 


5 7.5 68.7 450 0 

10 10.6 301 600 7.7 63.0 350 2.4 77.6 41.6 
15 11.1 325 400 8.1 56.3 175 2.4 a7 i 363 
20 10.3 176 350 8.2 24.4 150 2.4 86.1 | 57.2 
30 11.5 224 350 | 7.9 420 | 160 | 2.0 813 | 543 
50 11.5 362 900 8.1 78.4 400 06 | 784 | 556 


* Average. 


The combination of chemicals found Oxygen Depletion in Stream Waters 
in textile waste can often produce in 
a receiving stream a toxie condition 
which is not only destructive to fish 
and aquatic life but also has the effect 
of killing the bacteria and other forms 


Cotton-processing wastes contain 
large amounts of organic constituents, 
materials that are unstable and tend 
to serve as food for bacteria in the 
stream waters (9). This process of 
of biological life on which stream self- decomposition results in removal from 
purification processes depend. This the water of the dissolved oxygen 
is why it is important to review the needed to support bacterial life. Un- 
types of chemicals used in textile proe- less the oxygen carried by the stream 
esses. in solution is sufficient to oxidize this 


CN — 
PI 
0 10.0 289 600 7 99.5 450 0 | 655 | 250 
0 10.6 301 600 7 86.6 300 2.6 70.0 50.0 
0 11.1 325 400 7 49.8 175 | 38 85.0 | 56.2 
0 10.3 176 350 8 25.5 150 | 58 85.4 57.2 
0 11.5 224 350 8 7 
i 6 
79.5* 51.6* 
5O il.o 362 iz 8.2 312 YOO 13.8 0 
46.0* | 5.7* 
| | 80.3° | 48.3° 
| 
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extra organic matter, all the oxygen is 
depleted from the water. Then putre- 


faction sets in, creating septic eondi- 
tions, which are accompanied by the 
characteristic effects of black unsightly 
color, bubbling and noxious 


vases, 


odors. 


Physical Impairment of Stream Con- 
ditions 
The third 
trial wastes 


essing waste) is 


characteristic of indus- 
particularly cotton-proc- 
one that is not of 
great hygienic importance but is of 
utmost the 
physical The average 
citizen does not usually attach great 
importance to the really 
matters of hygienic quality, toxicity, 
and BOD, but estimate of 
pollution almost entirely on the physi- 


importance to layman 


appearance. 
significant 
bases his 


cal evidences of color, turbidity, odor, 
and floating solids; color is the yard- 
stick by which he judges damage. 
Inert inorganic matter 
settle to the bottom of the 
blanket the bottom with 
which cover the natural 
in the stream, hinder the 
of fish, obstruct navigation, and 
mote floods. Some of the organic mat- 
ter in suspension may float and lodge 
along the banks and become objection- 
able to the eye. Other portions settle 
with the inert inorganic matter 
form sludge banks, which putrefy and 
give off objectionable odors (10) (11 
A typical cotton finishing mill efflu- 
starch, 


may also 


stream and 
silt banks, 
bottom life 
propagation 


pro- 


and 


ent contains dextrin, gums, 


glucose, waxes, pectins, alcohols, acetic 
acid, soap, detergents, sodium hy- 
droxide, 


sulfate, 


sodium 
chlo- 


and has 


sodium carbonate, 
sodium 
ride, hydrochloric acid, ete., 
the 
between 8.0 


sodium silicate, 


following characteristies: (a) pH 
colloidal turbidity (the color depend- 


and gray 
ing on the dye most used); (¢ 
solids, 1,000 to 1,600 ppm ; (d 
200 to 600 ppm; 
300 to 900 ppm; (f) 


total 
BOD, 
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30 to 50 ppm; and (g) 
3 ppm. 


(e) total alkalinity, 
suspended solids. 
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chromium, 1 to 


Certain components produce the fol- 
lowing pollutional pattern (12 
Per 


reentage of 
nt Total Bol 


Natural compounds in fibers (re- 
moved by 

Desizing 

Color shop 

Wash after printing 

Finishing wastes 

Soap 

Acetic acid 

Dyeing 


kiering 


*50 to 60 per cent due 
modifications. 

t+ Can be replaced by detergent and cut 20 
per cent. 


Another finishing mill produces the 
following pollutional pattern 


13) : 


waste 


Componen Percentage 
of Total BOD 
Desizing waste 
Dyeing 
Bleaching 
A great deal of the pollutional effect 
of textile dye depends on the 


type of dye used, the kind or 


waste 
type of 
cloth being dyed, and the specifications 
of the finished 
noted, the pollutional effects of various 


cloth. As previously 


types of cotton processing wastes have 
been given elsewhere (5)(7)(8)(14 
(15 

The various impurities from textile 
processing plants can also increase the 
expense eolor, hard- 
ness, ete., from water for both domestic 
and industrial use. Furthermore, it is 
expensive to develop an alternate wa- 
ter supply the old 
longer be used due to waterway pol- 
lution. 


for removal of 


when one 


can no 


Effect of Various Mixtures on 
Biological Treatment 
siological treatment procedures are 
affected in various ways by the indi- 
vidual nature of a particular waste 
in addition to such outside factors as 
air and waste temperature, lagooning 


w 

7 
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or storage time, and recirculation ratio. 
The following diseusses some of these 
various characteristics and their effect 
on the process of biological treatment 
of mixed textile waste and domestic 
sewage (Tables V to XVIII, in- 


clusive 


Percentage of Waste in Mixture 


The treatment of various per- 
centages of textile waste in biological 
treatment processes has long been con- 
sidered a difficult and sometimes im- 
possible task. In fact, some authors 
listed strong textile wastes as 
susceptible only to chemical treat- 
With this in mind, experiments 
were carried out to determine just how 
treatable textile waste would be in the 
various biological A four- 
year series of pilot-plant experiments 


have 


ment. 


processes. 


on biological treatment of various mix- 
tures of textile waste and domestic sew- 
age indicates that the proportion of the 


New 40-60°, mix 
Return waste, 50°, 
Before aeration, 50°, 
After aeration for: 

1 hr 

2 hr 

3 hr 

6 hr 
24 hr 


new, 50° 


return 


b) PH ApsustmMENT To 10.5 


New 40-606, mix 
Return waste, 
Before aeration, 50°, new, 50°; 
After aeration for: 
1 hr 
2 hr 
3 hr 
6 hr 
24 hr 


return 
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TABLE V.—Biological Treatment of Mixed 40 Per Cent Textile Waste and 60 Per Cent 
Domestic Sewage by the Dispersed-Growth Aeration Process 


(a) No PH ApsuSTMENT 
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textile waste to sewage in the mixtures 
has no appreciable effect on the treat- 
ability of the mixture. When mixed 
textile waste contains adequate nutri- 
ents and no toxie substances, this waste 
treats about as well in combination 
with sewage as sewage alone. 
Mixtures of up to 84 per cent textile 
waste with 16 per cent domestic sew- 
age have been treated through high- 
rate trickling filters and aeration 
units with excellent results (see Tables 


V, VI, and XVIII 


does 


Alkali and pH 


It has been felt in the past that acid 
or alkaline waste should be neutralized 
to pH 7 for successful biological treat- 
ment. As passed and experi- 
ments proved otherwise, however, this 
stand was modified to the extent that 
the upper pH limit for 
treatment was set at 9.5. 
Experiments at Cone Mills on high- 


time 


biological 


BOD 


Color 


pH 
Removal Removal 
ppm) 


ppn 


9.5 214 600 — 
10.5 294 634 — 
10.1 298 0 667 0 
10.2 301 0 667 0 
10.0 311 0 667 0 

98 291 2.5 667 0 


(Acip 


11.2 

S4 167 456 — 

9.7 323 540 

9.6 350 0 540 0 

9.5 345 0 540 0 

9.5 311 3.1 540 0 

9.3 273 13.2 540 0 
3. 


|| 
11.3 iSS 667 — 
9.3 199 26.0 600 4.2 


L000 


TABLE VI.—Comparison of Biological Treat- 
ment of Mixed Textile Waste and 
Domestic Sewage 


BOD Rer 


Treatment Method 
| Domestic 


Sewage 


High-rate trickling filter 
and sedimentation: 
40 to 80 | 50 to 80 
65 to 85 | 70 to 90 


-stage 


2-stage 


Activated sludge aeration: 
AJone 


On trickling filte 


80 to 90 
80 to 95 


80 to 05 


r effluent 80 to 95 


rate trickling filters have shown that 
they could operate successfully with 
good efficiencies at pH’s as high as 
10.5, but above 10.5 and up to 11.5 the 
efficiency would drop from 10 to 40 
per cent, depending on the hydroxide 
alkalinity (2)(3). This indicates that 
a waste with a high pH does not neces- 
sarily neutralization before 
biological treatment, unless it also has 
a high hydroxide alkalinity. 

Experiments by Sawyer, Frame, and 
Wold (16) on pilot-plant activated 
sludge treatment of a mixture of cot- 
ton kier liquor and a small amount of 
sewage seed at pH’s from 7.5 to 10.5 
further indicate that the effects of 
pH are a function of the temperature, 
the effects being magnified at low tem- 
peratures. High pH was inhibitory to 
biological action only at low tempera- 
and at 30°C there was little 
difference in the rate of BOD removal 
regardless of the starting pH. 

In biological filter operation it has 
been found that hydroxide alkalinity, 
rather than pH, was really the limiting 
factor, and that alkalinity control 
would be more accurate than pH con- 
trol because pH is only an indication 
of the nature (acid or alkaline) of a 
waste, and on mixtures this sometimes 
is not too accurate. Excessive hydrox- 
ide alkalinity killed off growth, but 
the growth came back quickly when 


require 


tures, 
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the hydroxide concentration was re- 
duced or removed. Experiments have 
shown that high-rate filters can oper- 
ate effectively with as much as 100 to 
200 ppm of hydroxide alkalinity (to- 
tal alkalinity 700 to 1,500 ppm) in the 
incoming but this 
centration the efficiency suffers. 

Sawyer et al. (16) also found that 
on pilot-plant activated sludge opera- 


waste, above econ- 


tion on cotton kier liquor, after the 
sludge the high 
pH environment, the pH could be 
raised to 11.0 and the alkalinity 
adjusted to a maximum of 3,100 ppm. 


was acclimatized to 


TABLE VII.—Comparison of Treatment Data 
for Inside* and Outside? Trickling 
Filter Pilot Plants 


luent 


ry sett 


» + 
imary set 
st filter 

2nd 


Over-all 


iter 


* 1. 25-ft diameter two-stage trickling filter. 
-ft diameter two-stage trickling filter. 
recirculation. 


4 


EEE noval 
1oval 
= | 
- 
Domesti 
Sewage <4 Waste 
1 
Inside | Outs I 
> i€ r ; 
R gpd ian 
Filter diameter (ft 2tol) 2tol |2t 
Iter depth (ft 1.25 2tol| 2to! 
BOD loading 4 4.5 4 3 
2nd filter 3.4 34 
aa Hyd. loading? 1.2 15 2.6 3.3 
Temperature (°I 40 45 
Air 23 | 
Water 78 65 
pH 77 70 
5! ‘ 
_ aie 79 
—_ 7.5 7} 9.7 11.1 
2nd filter 78 7.5 + 10.4 
Final settl ne 7.9 9.1 o4 
BOD (pr 7.8 8.6 8.8 
Primary settling 244 308 
ist filter 198 200 243 
2nd filter 71 338 
nal sett! 147 7 : 
lor (ppm) 40 35.1 | 7 84.8 
Infuent : 82 3 
Ist filter ng 417 03 625 517 
303 
Final sett 235 178 383 
Di aa! settling 00 178 
issolved oxyger 200 161 250 
‘at tite 
Ist filter 
2nd filter 1.3 0.3 
Final set 4.6 0 
BOD re tling 2.4 0 
Primary settling 
2nd filte 54.2 | 56.5 | 45 28 
4 39.4 46.6 45.9 48.7 
_ Uver-al 6.6 ‘ 
76.0 
20 1 8 0 0 0 
55.6 574 38.0 
52.4 
4 jag 
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TABLE VIII. 


Unit 
Waste Type - 


Domestic sewage 1 tr. filter 

2 tr. filters and final 
settling 

1 tr. filter 


10°; mill waste, 60° 
sewage, no pH adj 


2 tr. filters and final 
settling 


A high 
obtained on 


BOD removal was 
waste with initial pH 
values as high as 11.0. 

In some actual treatment plant op- 
erations, lime has been added to the 
influent of the trickling filters to cause 
the alkalinity to go over into the hy- 
droxide range around 50 ppm. The 
lime also causes the growth on the 
filters to turn from black to green. 
This practice has been carried out for 
ten years in one plant to increase the 
filter efficiency during the summer 
months. Plant efficiencies in excess 
of 95 per cent BOD removal are com- 
mon. The lime causes the pH to rise 
from 7+ to anywhere from 9 to 11.0 

17 


degree of 


Size of Filter Units 

Various statements have been made 
concerning the size of pilot plant trick- 
ling filter units for use in method 
evaluation and for design purposes. 
Some authorities will accept nothing 
than an 8-ft diameter unit, al- 
though others will accept smaller 
Because it is best to use as 
large a unit as is practical, to avoid 
magnifying errors, two pilot plants at 
the Cone Mills laboratory have been 
operated simultaneously over a period 
of several years. The pilot plants con- 
sisted of two-stage high-rate trickling 
filters and settling units, one with 1.25- 
ft diameter filters located in the lab- 
oratory and operated from a storage 
tank filled once a day, the other with 
4-ft diameter filters located behind 


less 


S1ZeS. 
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BOD Removal Efficiencies of Trickling Filter Pilot Plants 


Removal (%) Difference (%) 


BOD 


Size (ft) BOD Color | Color 
125 | 542 20.1 — — 
4 | §6.5 18.5 23 1.6 
1.25 84.0 95.6 — 
4 85.6 57.4 1.6 1.8 
1.25 45.9 32.5 
4 48.7 25.7 2.8 6.8 
1.25 76.3 53.1 — 

4 76 


one of the plants operated directly 
from the waste lines and sewers. The 
two plants were both operated at the 
same hydraulic and biological loading. 
Comparison of treatment data for in- 
side and outside trickling filter pilot 
plants is given in Table VII. 

During the test periods of simultane- 
ous operation on domestic sewage, as 
well as on mill waste and sewage, 
taking into account the various factors 
affecting both filters, there has been a 
difference of only 2 to 4 per cent in 
BOD removal efficiency. The results 
of these tests are shown in Table VIII. 


Recirculation Rate (Tables IX and X) 


Treatment of mixed textile wastes 
and domestic sewage on high-rate trick- 
ling filters gives good results with re- 
circulation rates in the range of 2:1 
to 4:1. As the BOD loading increases 
the amount of BOD removed increases, 
but the rate of reduction (BOD re- 
moval) may tend to decrease along 
with a decrease in quality of the efflu- 
ent (18). Experiments were carried 
out on two-stage high-rate trickling 
filters at recirculation rates of 2:1 and 
3:1, and 2:1 and 4:1, with mixed mill 
waste and domestic sewage to observe 
what effects increasing the recircula- 
tion had on the efficiency of the filters 
with these waste mixtures. The follow- 
ing results were obtained: 


1. At approximately the same or- 
ganic loading, an increase in the hy- 
draulic 


loading (recirculation rate) 


| 
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TABLE IX.—Effect on Efficiency of an Increase 
in Recirculation on High-Rate Trickling 
Filters; 84 Per Cent Textile Waste, 

16 Per Cent Domestic Sewage; pH 
Adjusted to 8.5; Indoor Pilot Plant 


gpd 


ilter diameter 


Flow 


Filter depth (ft 
BOD loading (ib 
Ist filter 
2nd filter 
Hyd 
Chromium, as ¢ 
Temperature 


cu vd 


loading* 


ppm 


Influent 
Primary set 
Ist filter 
2nd filter 
Final settling 
BOD ppm 
Influent 
Primary settling 
Ist filter 
2nd filter 
Fina] settling 
Color (ppm 
Influent 
Primary settling 
Ist filter 
2nd filter 
Final settling 
BOD removal (&% 
*-rimary settling 
ist filter 
2nd filter 
Over-al] 
Color removal (°% 


Primary settling 
Ist filter 
2nd filter 
Over-all 

Effic. increase 
BOD 
Color 


* Plus recirculation 


concentration 
(better efflu- 


gave a decrease in the 
of BOD in the effluent 
ent 

2. The increase in recirculation rate 
also apparent increase in 
removal by the filters. The better efflu- 
ent with recirculation undoubtedly is 
due to the seeding and extra dilution 


gave some 
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TABLE X.—Effect on Efficiency of an Increase 
in Recirculation on High-Rate Trickling 
Filters; 45 Per Cent Textile Waste, 

55 Per Cent Domestic Sewage; pH 
Adjusted to 11.0; Indoor Pilot Plant 


Flow (gpd 
Filter diameter (ft 
Filter depth it 
BOD loading 
Ist filter 
2nd filter 
Hyd. loading* 
Chromium, as (1 
Temperature 


Ib/eu yd 


mgd /acre 


ppm 


Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD (ppm 

Influent 

Primary settling 

ist filter 

2nd filter 

Final effluent 
Color (ppm 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD remova 

Primary settli 

Ist filter 


2nd filter 


Loss of effic 
Temp 
Total 

Color removal 


Primary settling 


‘orrected 


Over-al] 
Effic. increase 

BOD 

Color 


* Plus recirculation. 


This 
with 
rates 


from the increased recirculation. 
the effeets found 
inerease in recirculation 
treating domestic sewage only. 


is similar to 


an 


3. An increase in recirculation from 
2:1 to 3:1 or 2:1 to 4:1 with mixed 


ge 
‘ 
2-to-1 3-to-1 2-t 4-to-1 
ites Recire. | Recit Iter Recir Reciré 
= 
127 127 180 i180 
Boe | ft 1.25 1.25 1.25 1.25 
i “ee 2.92 3.07 2.5 2.3 
2.94 1.9 16 
0 0 0.6 v 
. 
78 78 7 79 
An Alr is ‘ 
pee: Water 77 77 Water 72 76 
pH: pH 
720 | 103 
eS 7.1 7.1 10.5 10.3 
7.8 7.9 8.8 
7.8 7.8 9.3 
6: 30.5 553 371 44 
wee 554.7 526 298 277 
Cr 109 324 212 195 
‘ 
“a 212 132 124 83 
197 125 119 80 
7 7 5 
740 791 164 521 
Sue Bee 395 372 232 251 
Bi 385 372 232 251 
“ae 12.1 1.9 19.2 | 18.9 
ae 26.3 | 38.5 28.3 | 29.3 
| 59.3 14 56.9 
68.6 61.6 16.0 
due to Cr 16.0 0 
2.5 0 72°F 0 1.3 
22.‘ 28. 40.6 
28.8 34.6 o): 
18.0 53.0 0 0 
eis Ist filter 27.7 25.3 
2nd filter 30.8 35.2 
5.0 50.0 50.4 
1.7 
0.4 
= 
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mill waste and sewage gives a better 
effluent, but a decreased efficiency on 
the filters. 


Temperature Changes (Table X1) 


Schroepfer et al. (19) concluded that 
the temperature effect on a trickling 
filter is equal to a 0.15 to 0.74 per cent 


loss in BOD efficiency per degree 
Fahrenheit. Studies on regular do- 
mestic sewage treatment plants fur- 


ther indicated that as the loading (or- 
ganic and volumetric) increased, the 
effect of temperature decreased in im- 
portance ; therefore, high-rate trickling 


filters would be less affected than 
standard-rate filters The effect on 
high-rate filters was found to be 


ap- 
proximately 0.34 per cent loss in BOD 
efficiency per degree Fahrenheit. Fur- 
ther research found that the tempera- 
ture of the actually the 
controlling factor rather than the vari- 
loading ratios, although the 
volumetric loading tended to influence 
the slime temperature. On a low-rate 
filter the temperature of the slime 
would vary between the air tempera- 
ture and waste temperature due to the 
intermittent On the 
other hand, on a high-rate trickling 
filter the slime temperature would be 
nearer the waste temperature and 
would not vary, due to the continuous 
dosing pattern. Based on this observa- 
tion of the slime temperature, rather 
than the waste temperature, it may be 
possible that the effect of temperature 
on BOD efficiency is constant regard- 
less of organic loading (14). 

The temperature of mixed textile 
waste directly from the mill outfall 
is considerably higher (90° to 120°F) 
than the average sewage temperature 
70° to 80°F). This naturally cools 
when lagooned or if there is a long 
run to the treatment plant. In the 
Greensboro area the average summer 
temperature of the mixed mill waste 
and domestic sewage ranges from 80° 
to 85°F, but it drops to as low as 
50°F during the winter. 


slime was 


ous 


dosing cycle. 
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During the summer months there 
was little difference in the inside pilot 
plant and outside pilot plant results; 
there also were only small differences 
in the inside and outside air or waste 
temperatures, as follows: 


Air Temp. Waste Temp 
F 


BOD Removal 


Inside Outside Inside Outside Inside Outside 
Plant Plant Plant Piant Plant Plant 
80 77 80 &5 
79 69 77 79 76.0 76.3 
78 72 78 80 


During the winter months, with re- 
duced air and temperatures, 
there is quite a drop in efficiency, part 
of which can be traced to the pilot- 
plant construction. The outside pilot- 
plant units and tanks were located 
above ground for ease in operation and 
maintenance. Thus, low air tempera- 
tures tend to reduce waste tempera- 
tures more than in a full-scale design. 
Therefore, the effect of air and waste 
temperature is exaggerated, but the 
trend is the same, as shown by the 
following : 


waste 


Inside Outside 
Item Plant Plant 
Air temp. (°F 81 42 
Waste water temp. (°F 73 54 
BOD removal 80.1 62.0 
Loss in BOD rem. effic. (% 18.1 


The loss of BOD removal efficiency 
would be 0.95 per cent per degree F 
based on waste-water temperature and 
0.46 per cent loss per degree F based 
cn air temperature. The waste-water 
temperature, therefore, has a greater 
effect on BOD removals than the air 
temperature. 

These results tend to confirm results 
found on domestic sewage—that the 
waste-water temperature seems to be 
more significant than the air tempera- 
ture in dealing with high-rate filters, 
and that an abrupt change in waste- 
water temperature tends to bring 


about a significant change in rates of 
BOD removal. 
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TABLE XI.—Effect of Temperature on 
High-Rate Trickling Filter Pilot 
Plant Results 


Inside 


Flow (gpd 
Recirculation ratio 
Filter diameter (ft 
Filter depth (ft 
BOD loading 

Ist filter 

2nd filter 
Hyd. loading* (mgd/acre 
Temperature (°F 

Air 

Water 
pH: 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD (ppm 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final effluent 
Color (ppm 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
Dissolved 

ist fil 
2nd filter 


Ib/cu yd 


mA 


oxygen (ppm 


ter 


Fina! settling 
BOD removal 
Primary settling 
Ist filter 
2nd filter 
Over-all 
Color removal (% 
Primary settling 
Ist filter 
2nd filter 
Over-all 


* Plus recirculation 


Chromium Content (Tables XII, XIII, 
XIV, and XV) 


The chromium content of this waste 
mixture varied (0-10 ppm) during the 
day, and from day to day, due to the 
fluctuation of use in the mill. This 
effect was especially noticeable at the 
4-ft pilot plant because it operated 
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TABLE XIl.—Effect of Chromium on Biological 
Treatment; 40 Per Cent Textile Waste, 
60 Per Cent Domestic Sewage; pH 
Adjusted to 8.5 to 9.0 on Waste 


Flow (gpd 
Recirculation ratio 
Filter diameter (ft 
Filter depth ft 
BOD loading 

Ist filter 

2nd filter 
Hyd. loading* (mgd/acre 
Chromium, as Cr (ppm 
Temperature (°F 

Air 

Water 
pH: 

Infiuent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD (ppm 

Influent 

Primary settling 

ist filter 

2nd filter 

Final effluent 
Color (ppm): 

Influent 

Primary settling 

Ist filter 

2nd filter 


Ib/eu yd 


Final settling 
BOD removal 
Primary settling 
Ist filter 
2nd filter 
Over-all 
Loss of effic. due to Cr 
Temp corr. to 76 F 
Total corrected 


+10.0 


Color removal 
Primary settling 
Ist filter 
2nd filter 
Over-al! 


* Plus recirculation. 
+t Adjusted to 9.0. 
t Adjusted to 8.5. 


out of a eonstant-head tank filled di- 


rectly from the sewers and waste 
outfalls. On the other hand, the lab- 
oratory pilot plant operated on a rela- 
tively stable chromium content because 
the charge was collected once a day 


(Outside == = 

Plant Plant Inside | Outeide 
—— Iten Plant Plant 
1.5to1/1.5 to 213 2,460 

1.25 2to1| 2tol 

Ac | 3.0 

1.1 2.1 2.9 3.4 
sare 28 31 1.8 2.0 
“ona 23 25 

ig 81 42 1.0 1.15 

« 
43.0 
76 70 
io 
7.6 6t 10.83 
8.1 7.9 R5 
8.0 8.1 
184 255 8.0 8.1 
‘ 
148 | 209 
pss 77.3 148 336 367 
45.5 102 292 344 
ee: 39.6 97 180 201 
74.5 | 101 
oS 333 348 78 100.3 
333 348 
<p 215 280 825 1,470 
vik 134 210 825 1,320 
ae 134 210 634 1,070 
517 950 

“a 0.6 1.0 517 800 

3.0 1.9 

as 2.5 2.1 11.8 7.2 

37.2 40.8 
- 

21.3 17.1 54.6 48.9 
aft 43.1 29.1 73.7 73.3 
16.3 31.1 | +113 

80.1 62.0 0 +1.7 

83.7 86.3 
0 0 
ee. 35.8 20.8 0 9.7 
ee 37.6 26.9 20.9 19.7 

ee 59.8 10.1 19.7 9.7 
+ 
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from the constant-head tank. This 
gave a good opportunity to examine 
the effect of the variable chromium 
concentration vs. the relative stable 
concentration on the treatment of this 
waste mixture. The following results 
were obtained: 

1. Variation in concentration of 
chromium in the waste has more effect 
on the daily results than relatively 
even concentration. On any given day 
with chromium in the waste feed for 
both pilot plants, the laboratory pilot 
plant would be least affected. This 
was as expected. 


2. Even though the variation in 


chromium affected the daily results in 


TABLE XIII.—Effect of Chromium on Biologi- 
cal Treatment; 40 Per Cent Textile Waste, 
60 Per Cent Domestic Sewage; No pH 
Adjustment; Inside Pilot Plant 
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the 4-ft pilot plant more than in the 
125-ft pilot plant, for every 0.1 ppm 
chromium, as Cr in the waste, there 
seems to be an approximate loss of 
BOD removal of 1 per cent in both 
plants. 


At the bottom of Tables XII, XIII, 
XIV, and XV corrections were made 
in the actual per cent BOD removal 
to take into account the chromium 
concentration and the change in tem- 
perature. This total corrected BOD, 
therefore, simulates the total per cent 
BOD removal without any chromium 
concentration in the waste and at a 
given constant temperature. These 
corrected results and the actual results 


TABLE XIV.—Effect of Chromium on Biologi- 
cal Treatment; 40 Per Cent Textile Waste, 
60 Per Cent Domestic Sewage; No pH 


Ite 3 1 2 3 
Weeks | Month | Months | Months 
pd 213 21 213 213 
at 2 to 1 2to1 2to1 2tol 
al 1.25 1.25 1.25 1.25 
pt t 4 4 4 4 


6 97 
6 97 
9.1 9.7 9 9.2 
8.6 9.4 88 
8.6 94 38 88 
308 331 321 313 
265 276 264 259 
147 217 210 177 
79 152 115 108 
73 152 89 102 
628 783 718 712 
628 783 | 718 712 
428 600 513 525 
300 491 375 398 
300 491 375 398 
15.8 16.1 17.9 17.8 
45.9 21.4 35.4 31.3 
46.6 29.3 45.2 40.3 
76.3 53.1 72.3 66.6 
0 +23.7 +2.0 +9.5 
0 —1.3 0 | —0.7 
76.3 75.5 74.3 75.4 
Color re 1(% 
Primary settling 0 0 | 0 0 
Ist filter 32.5 23.0 | 283 26.7 
2nd filter 29.7 19.5 27.4 25.4 
Over-all 53.1 7.7 47.9 45.2 


* Plus recirculation. 


Adjustment; Outside Pilot Plant 
3 1 2 3 

Item Weeks | Month | Months | Months 
Flow (gpd) 2,460 2,460 2,460 2,460 
Recirculation ratio | 2 to 1 2tol | 2tol 2tol 
Filter diameter (ft) 4 4 4 4 
Filter depth (ft) 45 45 45 | 4.5 
BOD loading 

Ib/eu yd): 
Ist filter 


Hyd. loading* 


(mgd /acre) 25 25 25 25 
Chromium, as Cr 
(ppm) 0 2.21 0.56 1.07 


Temperature (°F): 
Air 


1 

Primary settling 1 

Ist filter 9.4 0.2 9.6 9.6 

2nd filter 8&8 9.5 9.0 9.0 

Final settling ss 9.5 9.0 9.0 
BOD (ppm) 

Influent 343 382 323 343 

Primary settling 338 341 289 300 

ist filter 174 249 172 196 

2nd filter 8 170 106.5 126.5 

Final effluent 2 167 101.5 122 
Color (ppm): 

Influent 517 715 720 720 

Primary settling 517 715 720 720 

ist filter 383 589 534 543 

2nd filter 250 443 379 392 

Final settling 250 443 379 392 
BOD removal (%) 

Primary settling 28 108 14.7 13.6 

Ist filter 48.7 25.3 39.8 35.2 

2nd filter 49.3 27.3 38.6 36.1 

Over-all 76.0 52.1 69.8 64.8 

Loss of effic. due 

to Cr 0 +22.1 +5 +10.7 
Temp. corr. to 
79°F —2.0 0 —03 

Total corrected 76.0 | 72.2 754 75.2 
Color removal (% 

Primary settling 0 0 0 | 0 

Ist filter 25.7 23.5 26.0 | 253 

2nd filter 38.0 23.2 29.6 | 28.0 

Over-all 52.4 39.0 47.7 46.2 


*Plus recirculation. 


Flow 
Recir 
Filter 
Filter 
BOD | 
Ist filter 26 27 2.6 2.5 
2nd filter 1.5 2.1 2.1 | 1.7 . 2.4 7 i) 
Hyd. loading* : 
{ nr itt Cr 
ppr 0 2.37 0.2 0.95 
Air 77 80 77.5 78.3 70 77 69 72 
Water 76 | 80 76.5 | 78 Wat 79 &5 | 7 89 
pH pH 
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TABLE XV.—Effect of Chromium on Biological 
Treatment; 50 Per Cent Textile Waste, 
50 Per Cent Domestic Sewage; 
No pH Adjustment 


Outside 
Plant 


Item Inside 


Treatment period (mo 
Flow (gpd 
Recirculation ratio 
Filter diameter (ft 
Filter depth ft 
BOD loading 
Ist filter 
2nd filter 
Hyd. loading 
Chromium, a 
Temperature (°F 
Air 
Water 
pH: 
Influent 
Primary settling 
Ist filter 
2nd filter 
Final settling 
BOD (ppm 
Influent 
Primary settling 
Ist filter 
2nd filter 
Final effluent 
Color (ppm 
Influent 
Primary s¢ 
Ist filter 
2nd filter 
Final settling 
BOD removal : 
Primary settling 
Ist filter 
2nd filter 
Over-al! 
Loss of effic. due to Cr 
Temp. corr. to 77°F 
7 otal corrected 
Color removal 
Primary settling 
ist filter 
2nd filter 


Over-all 


lb/eu yd 


mgd /acre 
s Cr (ppm 


ttling 


* Plus recirculation. 


without chromium and at a constant 

temperature) compared well, with and 
without pH adjustment. The difference 
5 per cent in 
cent BOD removal. 


was less than total per 
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Lagooning Before Biological Treat- 


ment 


Lagooning before biological treat- 
ment is beneficial because it can start 
biological action and level out pollu- 
tion loads and flows for a more satis- 
factory treatment operation. It 
changes the nature of the alkalinity to 
make the waste treat and 
allows reduction in pollutional charac- 
teristics. 


easier to 


Close control eliminates any 
odor problem, which is usually stated 
as the major drawback to lagoon opera- 
tion. As long as the pH is kept above 
9.0, objectionable odors from H.S tend 
to be repressed; but a drop in pH 
below 9.0 will allow them to escape to 
the atmosphere. Gentle 
lagoons, suggested to keep them on the 
La- 
more detail 
‘*Physical Treat- 


aeration of 


aerobie side, is being investigated. 
gooning is discussed in 
under the 


ment.’’ 


heading, 


Waste Reduction Inside the Plant 


A well-operated industrial plant 
should be interested in waste-reduction 
waste re- 


procedures because a good 


duction program will save money. 
Any reduction inside the 
strength of 
material in the 
the 


made 


plant in the 
the pollu- 
flow is 


amount and 


tional waste 
reflected in final treatment 
It must be clear to the plant 
personne! that this program is not a 
‘‘ehecking or an efficieney study, 
but an attempt to determine the 
amount of wastes requiring treatment ; 


cost. 


an understanding of the program and 
the cooperation of the plant personnel 
is essential for its success. This phase 
of dealing with waste treatment prob- 
lems is often overlooked, with resulting 
high-disposal cost and larger treatment 
plants than necessary. 

The and means for reducing 
the amounts of pollutional material in- 
the plant before they get into 
final effluent have 
previously (4) and 
only briefly : 


W ays 


side 


the been diseussed 


are listed here 


te 
3 
= 
— 
: 
125 1,440 
4 to 4 tol 
aie 
1.25 4 
4 $.5 
1.9 2.2 2 
0.73 1.95 
78 70 
So : 
11.1 11.4 

11.1 11.7 

9.8 10.7 

95 

> 

1653 

- 299 378 
232 277 
120 192 

117 193 

817 742 
(42 
"49 
S17 42 
708 604 
{42 
9 - 
20.8 17.7 
28.8 27.1 
19.0 30.0 
71.6 57.8 

0 -2.7 
78.9 74.6 

29 2 39.3 

2.3 
- 

hie 
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1. Process modification. Changes in 
processes will reduce the amounts and 
concentrations of waste material (Ex- 
ample: Change in dyeing methods; 
that is, use of standing bath). 

2. Flow or volume reduction. The 
waste flow may be reduced by reuse 
of process water, counterflow washes, 
segregation of weak waste for disposal 
without treatment, changes in proc- 
ete. 

3. Reduction in chemical use. Re- 
duction in amounts of chemicals used 
by closer process control, recirculation 
of wash waters, reuse of dye baths, 
ete., is very important. 

4. Substitution of chemicals. Sub- 
stitution of low BOD chemicals for 
high BOD chemicals is important in 
a waste reduction program. There are 
cases where plants have reduced their 
pollutional load by as much as 50 per 
cent by substitution of a detergent for 
Examples: CMC for starch, 
for acetic acid, deter- 


gents for soap, ete. 


esses, 


soap 
mineral acids 

5. Recovery and reuse of chemicals. 
Many chemicals can be recovered and 
reused (Example: Caustic soda). 

6. By-product recovery. Investiga- 
tion of the processes involved may 
show up recoverable by-products (Ex- 
ample: Heat recovery). 

7. Good housekeeping. Good house- 
keeping is a result of day-to-day rou- 
tine, cooperation, good design, and 
understanding of the problem. 


Treatment of Remaining Waste 


Treatment of the remaining waste 
flow depends to a great extent on cir- 
cumstances: (a) the size of the receiv- 
ing stream or body of water in rela- 
tionship to the volume and strength of 
the waste, (b) the classification of this 
stream (type of waste allowed), and 

e) the further of this stream. 
All of these factors determine the type 
and amount of treatment necessary. 
In general, the larger the stream, the 
treatment needed and required 
(Example: Small volumes of finishing 


use 


less 
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waste and a large receiving stream usu- 
ally require no treatment). 

The feasibility of treatment in com- 
bination with domestic sewage in a mu- 
nicipal plant depends on the situation, 
locale, plant location, municipal gov- 
ernment, and other factors. If the 
industrial plant is so located that com- 
bined treatment is available and pos- 
sible, it should be investigated. Com- 
bined treatment usually is more 
economical than separate treatment, 
due to lower over-all cost. 

The most economical solution to the 
treatment of mixed textile waste is 
usually storage or lagooning, followed 
by dilution. This means that the plant 
must be located close to a large river, 
the ocean, or a lake. Because many 
plants are not that fortunate, the 
most practical treatment for fairly 
large volumes of mixed textile wastes 
is usually one of the biological meth- 
ods, either alone or in combination with 
domestic sewage. The biological means 
include trickling filters, contact aera- 
tion, activated sludge, dispersed growth 
(20), and endogenous respiration. 
Some of the various biological treat- 
ment results from pilot plant studies 
are discussed in the following section. 


Physical Treatment (Pretreatment) 


Pilot-plant experiments using no 
aeration in the lagoons indicate that 
lagooning may be used for BOD re- 
duction, pH reduction, some color 
reduction, changing the hydroxide 
alkalinity to carbonate and bicarbonate 
alkalinity, and flow from pollutional 
load equalization. Results of these ex- 
periments are summarized in Table 
XVI. The changing of the type of 
alkalinity is extremely important be- 
cause biological filters are sensitive to 
high hydroxide alkalinity, which will 
kill the biological growth. 

The experiments at Cone Mills have 
shown that high-rate trickling filters 
ean operate successfully with good effi- 
ciency at pH’s up to 10.5 and with 
hydroxide contents up to 150 ppm. In 


L008 


TABLE XVI.—Reduction of BOD, Odor, and 
Hydroxide Alkalinity as a Result of 
Lagooning 


Reduction 


BOD Odor 

No SewaGe Seep 
Not obj. 
Not obj. 


Wirn SewaGe SEED 
8-11 
13-14 


Not obj. 
Not obj. 


the pH range of 10.5 to 11.5 and with 
hydroxide contents over 200 ppm the 
efficiencies drop 10 to 40 per cent. 
The reduction of hydroxide alkalinities 
by lagooning to below 150 ppm, there- 
fore, increases the efficiency of the 
biological filters as well as controls the 
flow and pollution load. 

Close control of hydroxide alkalinity 
is not as important in trickling filter 
operation as it is in activated sludge 
operation, as trickling filters withstand 

better than activated 
has shown that ac- 
celerated aeration (biosorption) plants 
can take much higher pH, alkalinity, 
and shock loads with better efficiencies 
than conventional activated sludge. 
This indicates that lagooning followed 
by the biosorption activated sludge 
process would be an economical and 
ideal type of treatment for textile 
wastes, especially those containing wide 
variations in pollutional loads. 

Neutralization is usually accom- 
plished by addition of either alkali 
or acid, although CO, gas can be used. 
In a survey of the cost of the neutrali- 
zation of alkaline waste, use of CO, 
from gas was found to be the 
economical method, CO, from 
submerged burners was less economical, 
and acid treatment was the most ex- 
pensive. In comparison with these 


shock loads 


sludge. It been 


stack 


most 
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costs, neutralization by lagooning is 
still more economical. Lagooning with 
aeration can be expected to give much 
higher removals of both BOD and 
color. 


Biological Treatment 


The process of biological oxidation 
ean be used to treat specifie textile 
waste, mixed textile wastes, and mix- 


TABLE XVII.—Biological Treatment of 40 Per 
Cent Textile Waste and 60 Per Cent Domestic 
Sewage Mixture by Two-Stage High-Rate 
Trickling Filters and Final Settling; 

No pH Adjustment; Outdoor 
Pilot Plant 


Flow (gpd 
Recirculation ratio 
Filter diameter (ft 
Filter depth ft 
BOD loading (Ib/cu yd 

Ist filter 

2nd filter 
Hyd. loading* (mgd/acre) 
Chromium, as Cr ppm 
pH: 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD (ppm 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final effluent 

‘olor (ppm 

Influent 

Primary settling 

Ist filter 

2nd filter 

Final settling 
BOD removal! . 

Primary settling 


st filter 
2nd filter 
Over-all 

Color removal 
Primary settling 
Ist filter 
2nd filter 
Over-all 


* Plus recirculation. 
+ Primary omitted. 


of 
Detention 
Time 
Alk 
(a 
‘ 
3 42 
- 
56 
b) 
3 44-53 
‘ be 
i 
2,462 3,600 
2tol | 2tol 
4 
4.5 4.5 
-9 
1.91 3.0 
25.6 
Si 0.56 Trace 
10.6 11.0 
10 
6 + 
9.6 9.5 
9.0 9.0 
9.0 9.1 
343 370 
= 
122 118 
720 745 
720 | 
543 570 
392 412 
39.8 41.2 
38.6 34.8 
0 
26.0 23.6 
apa 29.6 28.3 
| 47.7 45.2 
aif 


Vol. 


TABLE 
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XVIII.—Summary of Biological Treatment Results (2) (3) (4) 


Reduction (%) 


Color 


Wont ay Raj 1-Stage | 2-Stage| Tr. Filt. | Act. | Disp. | 1-Stage|2-Stage|Tr. Filt.| Act. | Disp. 
Tr. | Tr. | and Sl |Growth| Tr. Tr. | and | SL | Growth 
Filt. | Filt. | Act. SL Alone | Aer. Filt. Filt. | Act. SL Alone | Aer. 
10 60 | Yes! 30-70 | 60-80 | 80-95+ 65-80 40.1 | 20-60 | 50-60| 60-87| 50 | 13.0 
10 60 No | 20-50 | 50-80 | 70-95+ | 0-37) 26.0 | 15-40 | 30-55 | 45-75 | 7 4.2 
15 55 Yes | 20-60 | 55-75 | 85-90 a — 25-30 | 50-60 | 60-75 — _— 
5 55 No | 20-25 | 40-70 70-90+; — 20-25 | 35-45 45-60 | — 
50 50 | No | 20-40 | 50-60 | 60-90 — | 10-20 | 20-35 | 25-45 — 
84 16 | Yes 30-40 90-95+) — - | 20-30 


60-80 


waste and domestic 
sewage. In some cases with specific 
textile waste or mixtures of textile 
waste, nutrients and/or seeding ma- 
terials are required. In those cases 
where nutrient materials are required, 
phosphate and nitrogen are added as 
phosphoric acid, ammonium chloride, 
potassium phosphate, urea, ete. Seed 
ean be added as sewage or as excess 
activated sludge. When mixtures of 
textile waste with domestic sewage are 
treated, usually no seeding or nutri- 
ents are required because the sewage 
furnishes both the seed and the nutri- 
ent material. 

These biological pilot-plant experi- 
ments prove that textile waste can be 
treated in a variety of ways and at 
various costs. The type of treatment 
used depends on the strength and the 
volume of the waste, the cost, and the 
degree of treatment required. In gen- 
eral, for small volumes of waste, aera- 
tion lagoons, activated sludge, dis- 
persed growth, or endogenous 
respiration units can be installed more 
economically than trickling filters. As 
the amount of waste to be treated 
increases, the choice will depend on 
operational cost as well as the cost of 
the initial installation. For large vol- 
umes of wastes with varying strength, 
and where a high degree of treatment 
is not necessary, a trickling filter or 
an aeration lagoon will work best, due 
to the ability of these units to absorb 


tures of textile 


40-50 | 65-80 | 


shock loads and operate without close 
supervision. In situations where a 
high degree of treatment is necessary 
on a variable strength waste, two-stage 
high-rate trickling filters or a one- 
stage high-rate trickling filter and acti- 
vated sludge produce the best results 
(see Tables XVII and XVIII). 


Summary and Conclusions 


The pollutional waste load from a 
textile plant can be reduced sub- 
stantially by a good waste-reduction 
program inside the plant. The follow- 
ing are some of the methods available: 


1. Process modification. 
2. Reduction in volumes or flows. 
3. Reduction in amounts of chemi- 
eals by modern control methods. 
4. Substitution of chemicals. 
5. Reeovery and reuse of chemicals. 
6. Recovery of by-products. 
7. Good housekeeping practices. 


egregation of strong waste is rec- 
ommended when it allows a large vol- 
ume of weak waste to be disposed of 
with little or no treatment, and with- 
out expensive plant alterations (pipe 
changes, etc.). 

The amount of textile waste that can 
be treated without pretreatment is 
limited by the amount of hydroxide 
alkalinity rather than by the pH of 
the mixed waste. 

An increase in the recirculation rate 
on a trickling filter decreases the BOD 


MBO, No. 8 es 1009 
| BOD | 


1010 


concentration in the effluent, but it does 
not increase the 
the filter. 
dilution factor and seeding. 

The efficiency of trickling filters is 
affected by a lowering or raising of 
the waste temperature because this af- 


removal on 
This is due to the increased 


per cent 


feets the slime temperature. 
Biological processes are not affected 
by various concentrations of potassium 
ferrocyanide, but are affected 
what by cyanides, and 


some- 
more so by 
chromium 

The over-all variation in results be- 
1.25-ft diameter filters and 4-ft 
filters than 2 to 4 
per cent, indicating that small pilot 
units can be used to good advantage 


tween 


diameter was less 


Lagooning is a good waste reduction 
control practice. It will 
reduction in BOD, hydroxide alkalin- 
total settleable solids. as well 
removal. It 
reduce temperatures and regulate flows 
and pollutional shock loads. Its ability 
to change hydroxide alkalinity to car 


and eause 
ity, and 


as some color also will 


and biearbonate alkalinity is 
useful, due to the 
effect of hydroxide alkalinity on 


bonate 
extremely adverse 
bio- 


Lot 
tna 


logical Experiments so far 
mixed textile 


lagooning might be used 


show seeding of 


waste before 
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to diminish storage time or to increase 
BOD removal and reduce hydroxide 
alkalinity during the regular lagoon- 
period. Field experiments are 

continued on 


ing 

being lagooning of 
mill 
seed, to determine the 
tion of BOD, 
Experiments are also in 
determine the effect of aeration during 


without 
effeet in 
alkalinity. 


waste, with and sewage 
redue- 
color, and 


progress to 


the lagooning period. 

Combined treatment of mixed highly 
alkaline textile 
sewage is both feasible and practical 
without 
hydroxide alkalinity is not excessive. 


waste and domestic 


chemical pretreatment, if 

The most effective means of treating 
mixed textile 
compounds is through biological proc- 


waste containing no toxic 


esses, 
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OPERATORS’ SCHOOLS AND SHORT COURSES 


Principal objectives of several recently announced operators’ schools and 
short courses are to provide training in the fundamentals of good sewage plant 


operation. This training will consist of lectures, discussions, laboratory analyses, 

and field work. In a schedule of three to five days these courses enable the op- 

erator to gain considerable valuable information not easily available otherwise. 
Courses listed are: 


1. Aug. 25-29, New England Field Training Station, University of Massa- 
chusetts, Amherst, Mass. Sponsored by the Division of Sanitary Engineering, 
Massachusetts Department of Public Health, the University of Massachusetts, and 
the New England Field Training Station, Communicable Disease Center, U. S. 
Public Health Service. Contact the Short Course Office, Stockbridge Hall, 
University of Massachusetts, Amherst, Mass. 

2. Sept. 8-12, North Carolina State College, Raleigh, N. C. Sponsored by 
the North Carolina Sewage and Industrial Waste Association, North Carolina 
State Board of Health, North Carolina League of Municipalities, and the De- 
partment of Civil Engineering. Contact College Extension Division, North 
Carolina State College, Box 5125, Raleigh, N. C. 


3. Sept. 10-12, University of Delaware, Newark, Del. Sponsored by the 
Maryland-Delaware Water and Sewage Association and the University of Dela- 
ware. Contact W. M. Bingley, 2411 N. Charles St., Baltimore 18, Md. 


4. Sept. 15-19, Extension Conference Center, Pennsylvania State University, 
University Park, Pa. Sponsored by the Pennsylvania Department of Health 
and Pennsylvania State University. Contact Frank A. Kohler, Jr., Department 
of Civil Engineering, Pennsylvania State University, University Park, Pa. 
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EFFECTS OF URANIUM ORE REFINERY WASTES 
ON RECEIVING WATERS * 


. C. Tstvoaitou, A. F. Bartscu, D. E. Rusuie, anp D. A. HoLapay 


Respectively, Senior Sanitary Engineer and Biologist, Robert A. Taft Sanitary Engineering 
Center, Cincinnati, Ohio ; and Chemist and Sanitary Engineer Director, Occupational Health 
Field Station, Salt Lake City, Utah, U. 8. Public Health Service 


The uranium ore refining industry 
of the western United States is an im- 
portant peacetime source of liquid 
radioactive wastes. This industry has 
developed rapidly in the past decade, 
and considerable further growth is an- 
ticipated in the near future (1). In 
these refineries, or mills, uranium is 
separated from the raw ores from local 
mines, and concentrated. The uranium 
concentrate thus produced is_ then 
shipped to other establishments for fur- 
ther refining and processing, fabrica- 
tion, and eventual use. 

Vanadium is also found in the 
uranium-bearing carnotites of the west, 
and initially uranium recovery was per- 
formed at operating vanadium mills, 
whose processes were revised to permit 
recovery of uranium as a by-product. 
Later, refineries were constructed spe- 
cifically for uranium recovery. As a 
result of this development and of the 
variable quality of American ores, a 
number of different recovery processes, 
including acid and carbonate leaching, 
ion exchange, and liquid-liquid solvent 
extraction are now in use, both as indi- 
vidual processes and in combination. 
At present there are 14 operating 


American mills, with capacities rang- 
ing from 300 to 3,300 tons of ore per 


day. Present total capacity is about 
10,000 tons of ore per day. Eight new 
mills under construction or planned 
will approximately double the total 
processing capacity (1). Average 
* Presented at 4th Nuclear Engineering 
and Science Conference, 1958 Nuclear Con- 
Chicago, Ill.; Mar. 17-21, 1958. 
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U,0, content of known ores is about 
0.28 per cent (1). 

The major portion of the uranium 
recovery industry is the 
Colorado River Basin, specifically in 
the ‘‘Four Corners’’ area where the 
Utah, Colorado, Arizona, and New Mex- 
ico boundaries meet. Figure 1 indi- 
cates the locations of operating mills in 
this four-state area. In addition to the 
mills shown, there are operating mills 
near Spokane, Wash., Salt Lake City, 
Utah, Edgemont, 8S. Dak., northeast 
Wyoming, and Grants, N. Mex. 


located in 


The Uranium-Radium Family 
of Elements 


Uranium? is the first member, or 
parent, of a long series of radioactive 
isotopes found in nature, and known 
as the uranium-radium family of ele- 
ments. Uranium** is the parent of an 
entirely separate, naturally occurring 
series, the uranium-actinium family of 
elements. The uranium found natu- 
rally consists of 99.28 per cent U*** and 
0.71 per cent U*** (2 Hence, from 
the viewpoint of radioactive waste dis- 
posal, the uranium-radium family of 
elements (Figure 2) is the one of major 
concern. Examining this chart, ura- 
nium?** decays by emission of an alpha 
particle to thorium**, the half-life 
being 4.5 billion years; the thorium** 
in turn decays by beta emission to pro- 
tactinium***, with a half-life of 24.1 
days, and so forth. Radium*** is the 
sixth member of the chain, with the gas 
radon seventh. The final product is 
lead”*, which is nonradioactive. The 
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main series includes eight alpha and 
six beta emitters. Only the uranium is 
recovered from the ore, and all of the 
remaining members of the series are 
included in the process wastes. 

In terms of its maximum permissible 
concentration in domestic water supply, 
radium is considered to be the most 
hazardous of all known radioisotopes 
(3). It is no longer of sufficient eco- 
nomic value to warrant its recovery 
from the ore. As a result, from the 
health standpoint it is the most signifi- 
cant single radioactive nuclide found in 
the process wastes from uranium re- 
fineries. It is a bone-seeking alpha 
emitter with a half-life of 1,620 years. 

In uranium-bearing ores, the daughter 
products as far as radium*** are present 
in amounts directly related to the 
amount of uranium. The next member, 
radon?*, is a gas which partially es- 
capes to the atmosphere in the mines, 
in ore handling and processing, and 
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FIGURE 1.—Location of uranium mills in the Colorado Plateau area. 
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from the waste products of ore process- 
ing. As may be seen from Figure 2, 
the later decay products (following 
radon) are short-lived in comparison to 
radium. 

It is of interest to estimate the quan- 
tities of waste radium now being 
produced by the operating uranium 
mills. Based on the current average 
daily ore processing rate of 10,000 tons 
and an average content of 0.28 per cent 
U 30s, it is estimated that approximately 
2,500 g of radium*** are discarded per 
year. This quantity may be compared 
with the estimated total United States 
supply of 1,000 g of purified radium 
for all medical and industrial uses 
(4). Planned expansion of the ura- 
nium refining industry will increase 
the amount of radium produced as 
waste to roughly 5,000 g per year. 
The maximum permissible amount of 
radium plus 50 per cent of the equilib- 
rium amounts of its daughters in the 
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FIGURE 2.—Uranium-radium family of elements; minor branches not shown. 


human body is 0.1 pg (for radium, on 
microcurie is equal to one microgram 

and the maximum permissible concen- 
tration in a domestic water supply is 
40 pyg/l (3 This permissible water 
concentration refers to soluble radium, 
and Handbook 52 (3) further advises 
that a safety factor of 10 be used with 
The U. S. Atomic 
Energy Commission has specified for 


the foregoing values. 


its licensees an effluent concentration of 
no more than 4 pyg/] of radium plus 50 
per cent of the equilibrium amounts of 
its daughter products, except that in 
special circumstances the Commission 
has reserved the right to approve some- 
what higher plant effluent concentra- 
tions (5 

These estimates of radium production 
are based on the assumption that, on 
the average, radium is present in the 
ores in amounts reflecting radioactive 


equilibrium with the amount of ura- 
Although it is not pos- 


nium present. 
sible precisely to ascertain the true per- 
centage of radium equilibrium with 
uranium for all known ores, this as- 
sumption cannot involve great error. 
Most of the found in the 
wastes from the uranium mills is in in- 
soluble form, tied up with the sands 


radium 


and spent slimes. Its chemical form 
is dependent on its initial form in the 
ore, as well as on chemical changes 
wrought by the specific ore processing 
steps. Its solubility is determined by 
the chemical form; for example, radium 
sulfate is considerably less soluble in 
water than is radium chloride (6). At 
this time, adequate information is not 
available on the solubility of radium in 
individual refin- 


the wastes from the 


eries. In the case of one refinery it has 
been estimated that about one per cent 
of all radium in the wastes is soluble. 
Consideration of the data on quality 
of mill 
later point will indicate the scope of 
the problem. 


effluents and river muds at a 


Wastes from uranium ore processing 
include wash waters, sands and slimes, 
These 


wastes are generally discharged to tail- 


and various process liquors. 
ings ponds, or lagoons, where the liquid 


volume is reduced by and 


seepage 
evaporation. The tailings ponds are 
usually located on the banks of streams, 
and wastes to the stream in a number 
of cases include direct liquid discharges 
as well as seepage. In one case no tail- 
ings pond was in use, all wastes going 
directly to the stream. 
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Stream Studies 
Previous A nalyse s 


In October 1950, eight river water 
samples analyzed for dissolved radium 
7) revealed results as shown in Table 


TABLE I.—-Soluble Radium in River Water 
Samples, October 1950 


Soluble Radium (gc /1) 


Above Mill Below Mill 


0.20 
0.36 
0.13 
0.15* 


* Estimated from other data. 


Reconnaissance Survey 


In September 1955, at the request of 
several state departments of health, 
the Public Health Service carried out 
a field study of surface water contami- 
nation arising from uranium refining 
operations in the Colorado Plateau 
area (8). The field study was by de- 
sign a rapid reconnaissance intended to 
evaluate in a general way the extent 
and significance of stream pollution by 
radioactive waste discharges from the 
uranium mills. It was hoped that the 
data obtained might assist the states 
and industries concerned in developing 
a program for control of such waste 
discharges, if a need for control was 
indicated, and at the same time indi- 
cate the scope of further desirable in- 
vestigation and research. 


Survey Procedure, 1955 


Streams in the vicinity of eight of 
the nine then operating mills were 
visited for purposes of making a gen- 
eral sanitary and biological survey, and 
to collect samples for subsequent radio- 
assay. The half-lives of the radionu- 
clides involved were long enough that 
considerable delay could be permitted 
between sample collection and analy- 
sis; hence, there was no attempt to 


analyze samples in the field. Instead, 
all samples were returned to central 
laboratories of the Public Health Ser- 
vice for analysis. 

Stream sampling stations were gen- 
erally located immediately above and 
at a selected point below each of the 
mills. At each station grab samples 
of water, river mud, and aquatic organ- 
isms were collected, except where no 
organisms were present. The biological 
samples included algae or other plant 
growth attached to rocks or debris. 
where available, and bottom insects (de- 
velopmental stages of caddis flies, stone 
flies, mayflies, etc.). The streams were 
all low enough and small enough for 
wading, and all samples were collected 
by hand. There was no attempt at this 
time to collect fish samples. Effluent 
samples were collected where they could 
be found at each of the mills. A gen- 
eral description of applicable survey 
methods has been given elsewhere (9). 


Analytical Methods, 1955 


Gross alpha and beta activities of 
water, muds, and biological material 
were determined by general methods 
outlined elsewhere (10). In brief, wa- 
ter samples were filtered, the filtered 
solids were dried, weighed, and counted, 
and the filtrates were evaporated, dried, 
weighed, and counted. Soluble radium 
was determined by coprecipitation with 
barium sulfate. The procedure in- 
cluded evaporation with sulfuric acid, 
removal of polonium, coprecipitation of 
radium with barium sulfate, and purifi- 
cation and alpha counting of the pre- 
cipitate. Soluble vanadium was de- 
termined spectrophotometrically by the 
phosphotungstic acid method. Vana- 
dium was isolated by leaching a sodium 
carbonate fusion of the evaporated sam- 
ple and then extracting the slightly 
acidified leachate with 8-hydroxyquino- 
line in chloroform. This is a modifica- 
tion of the method described by Sandell 
(11). 

Gross activity of mud samples was 
obtained by counting a weighed, dried 
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TABLE II.—Quality* of Surface Streams, 1955 


Radioactivity (auc/1) 


Gross Alpha 


Diss.t Total 


(a) ABOVE 


(6) BELow 


34 

49 
183 
148 


* Single grab samples. 


t Average natural background radioactivity : 


Gross Beta 
Soluble 
Radiumt 


Susp Diss.t Total 


MILLs 


gross alpha (dissolved), 10 yuuc/l; gross beta 


(dissolved), 24 and soluble radium, 0.3 


t Inaccessible. 
§ Listed under quality of mill effluents 


sample. The gross activity of biologi- 
cal materials was obtained by counting 
a weighed sample of ash (10). The 
ashed weight being more reproducible 
in the laboratory, results for biological 
samples are reported in terms of both 
ashed weight and blotted dry weight. 


Analytical Results, 1955 


Table II indicates the results of anal- 
ysis of the stream water samples col- 
lected in 1955. For convenience in es- 
timating natural background activity, 
the results are arranged as ‘‘ Above 
Mills’? and ‘‘ Below Mills’’ locations. 

The soluble radium results at the un- 
polluted, or background, locations were 
quite consistent, averaging 0.3 pyc/I, 
and ranging only from 0.2 to 0.4 pypc/1. 
The stream near mill H was very tur- 
bid, as reflected by the relatively high 


Table IIT). 


suspended radioactivity above as well 
as below mill H. In the case of mill G, 
the stream in question was essentially 
an effluent ditch; hence, the results be- 
low mill G are listed under mill efflu- 
ents. 

The quality of effluents from the 
uranium mills in 1955 is indicated in 
Table III. Again, these data represent 
single grab samples. As may be seen, 
soluble radium figures range from 4.5 
to 920 puc/l. Two effluents were found 
at mill A, one a direct ditch discharge 
to the stream and the other an overflow 
from the tailings pond. Mill E had no 
tailings pond in use at the time, and the 
effluent to the stream indicated a heavy 
discharge of radioactive sands and 
slimes. At mill J the tailings were 
sampled before reaching the tailings 
pond, and, following sedimentation in 
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TABLE III.—Quality* of Mill Effiuents, 1955 


Mill A: 
Direct effi 33,200 10,000 43,200 
Tailings pond 
effi 300 2,900 3,200 
Mill B 610 540 1,150 
Mill C 770 6,130 6,900 
Mill D 580 130 710 
Mill E 244,000 100 244,000 
Mill F 50 20 70 
Mill G 5,200 28,500 33,700 
Mill H t -¢ . 
Mill Jt: 
Tailings 590,000 980 591,000 
Tailings pond 
effi 280 850 1,130 


Radioactivity (spc /1) 


+ 


Gross Beta 


Solubie 
Radium 


2,300 14,000 16,300 76 
2,300 5,200 7,500 | 25 
930 170 1,100 | 4.5 
970 8,230 9,200 | 920 
540 50 590 5.4 
305,000 140 305,000 83 
50 90 140 5.5 
1,900 29,500 31,400 Sl 
+ + 
780,000 930 781,000 — 
470 710 1,180 _ 


Single grab samples 
No direct effluent found. 


1957 


the pond, the clear overflow liquor was 
sampled. 

Effluent samples were also analyzed 
for soluble vanadium. The results 
ranged from 1.4 to 62 ppm, except for 
the effluent from mill G, which con- 
tained 355 ppm of vanadium. Uranium 
a few locations downstream 
mills indicated no appreciable 
of released uranium. 


analyses at 
from the 


quantities 


Table IV indicates the results of 
analyses of river mud samples. The 
‘“Above Mill’’ locations indicate an 


average background radioactivity of 18 
g gross alpha and 48 ppc/g gross 
beta. A few of the samples were taken 
immediately below the mill outfall and 
cannot be considered representative of 
the river bed. As may be noted, gross 
alpha activities of 100 times back- 
vround, and more, were found. 

The radioactivity content of the bio- 
logical samples (filamentous algae and 
is given in Table V for 


bottom insects 
the 1955 survey. 
Table V indicates some uptake of 
radioactivity, and specifically of ra- 
dium, by the stream biota. Algae from 


unpolluted locations had gross alpha 
and beta activities ranging from near 
0 to 85 and from 0 to 220 ppe/g 
(ashed), respectively, with soluble ra- 
dium at about 6 puc/g (ashed). Bot- 
tom insects had similar radioactivity 
content. At locations below the mills 
considerably higher results were found, 
with soluble radium content in the 
neighborhood of 100 times the values 
found at clean water locations. The 
amount of radioactivity found in the 
biota will depend on the element in- 
volved, its chemical form, needs of the 
organism, and various environmental 
factors. Hence, the results given in 
Table V are regarded only as a general 
indication of the situation at the time 
of the survey. 


Summary, 1955 Survey 


The reconnaissance survey of 1955 
indicated that waste discharges from 
the uranium mills of the Colorado 
Plateau area contained from relatively 
little to considerable radioactive ma- 
terial. Effluent and river samples 


demonstrated varying degrees of con- 
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TABLE IV.—-Quality* of River Muds, 1955 
Gross Radioactivity 
Alpha 


ABOVE MILLS 
16 


15 


BeLtow MILLs 


850 

45 

1,800 
2,400 

120 
3,200 

| 


At Mini 
5,600 
6,600 
290 


* Single grab samples. 
+ Noto 


t Inaccessible. 


ytained 


tamination ranging upward to that 
found at and below mill E. The stream 
below that mill was in exceedingly poor 
biological condition as the result, not 
of radioactivity, but of the heavy dis- 
charges of fine suspended solids which 
effectively blanketed the stream bed. 
Streams below several of the mills had 
radio- 
a number of the mill 


amounts of dissolved 
activity, as did 


effluents (3) (5 


excessive 


The biological and mud samples indi- 
cated accumulation of radioactive ma- 


terial to an unknown extent. Over the 
years, intermittent flood flows had un- 
doubtedly interrupted this accumula- 
tion and distributed the radioactive ma- 
In view of the 
long half-lives involved, the question of 


terials to remote areas. 
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other (such as irrigation 


and stock watering 


stream uses 


and the presence 
of other potential or actual sources of 
radiation exposure in the area, it was 
determined as a result of this survey 
that further investigation of the effects 
of waste discharges from the uranium 
mills was desirable. 


Stream Survey of 1956 


The 1955 reconnaissance survey indi- 
cated that further studies of the streams 
from mills D and E 
offered the best likelihood of obtaining 
desirable data. Accordingly, in the 
fall of 1956 a survey of these two 
streams was organized and carried out. 
This brief, 
signed to provide basic information re- 


garding the 


receiving wastes 


intensive survey was de- 
quantities of radioactive 
material being discharged and the fate 
of these materials in the 
vironment. Specifically, 


stream en- 
information 
on the accumulation of the radioactive 
wastes in the river muds and biota was 
desired, with, if possible, a radium 
balance for the local situation. 


Survey Procedure, 1956 


A 5-day survey in the vicinity of each 
of the two refineries was planned and 
performed. this period of 
consecutive days, representative water, 
silt, and biological samples were col- 


During 


lected. They were subsequently shipped 
to central laboratories of the Public 
Health Service for analysis. No efflu- 
ent samples were collected. Arrange- 
ments were made with the U. 8. 
logical Survey for 


Geo- 
obtaining stream 
locations, and that 
agency carried out this phase of the 
survey. 


flows at several 


Approximately 15 miles of river were 
sampled at four locations in the ease 
of mill D, with one stream sampling 
station located above and three below 
the mill. The stream receiving wastes 
from mill E was sampled at seven lo- 
cations over a 40-mile reach. 

In each case, a composite river water 
sample was obtained at the first sam- 
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TABLE V.—Radioactivity* of Stream Biota, 1955 


Radioactivity (uuc/z) 


Blotted 


Soluble 
Radium 


Gross 
Beta 


Gross 


Alpha 


Algae 
Insect 
Algae 
Insect 
Algae 
Insect 


(b) Betow MILLs 


8,600 
4,800 
1,000 


A Algae 
\ Insect 


B Algae 
B Insect 
D Algae 
10 Miles below 
Mill D 
10 Miles below 
Mill D 


Algae 


Insect 
* Grab samples. 
+ Not determined. 


pling station below the refinery. Re- 
ferring to Figure 3, these samples were 
collected at Stations 2 and 6 by a modi- 
fied Trebler-type sampler equipped to 
operate with power from an automobile 
storage battery. The sampler has been 
deseribed in detail elsewhere (9). In 
brief, it contained a timing mechanism 
and motor which operated a scoop once 
every 10 min; the small sample thus ob- 
tained was delivered to a large jug, 
from which the composited sample was 
taken every 24 hr. At other sampling 
stations reliance was placed on daily 
grab samples of water. At Stations 1, 
3, 4, and 7, daily grab samples were 
collected for 5 consecutive days; at 
Station 8, grab samples were obtained 
on 3 alternate days; at Stations 9 
through 11, grab samples were obtained 
on 2 days. All grab samples of water 
were from the quarter 
points of the stream station and taken 


composited 


900 


4,700 


at about mid-depth. All samples were 
hand-collected by wading. 

During two days in mid-survey, a 
single set of mud and biological samples 
was collected by wading and hand 
methods (9 The bottom mud sam- 
ples were composited from quarter 
points at each station. River algae and 
insect samples collected where 
available. Fish samples were collected 
by personnel of the State Fish and 
Game Department once at Stations 1. 
3, and 11 by the of rotenone. 
Algae and insect samples could not be 
found at Stations 6, 7, or 8, the area of 
high stream turbidity and heavy solids 
deposits below mill E. 

It was of interest to learn from per- 
sonnel of the U. S. Geological Survey 
that flow in the river near mill D was 
at its lowest level on record during the 
survey, but that about a month earlier 
a major flash flood had occurred. 


were 


use 
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Mill Type Ashed 
Gr Gross Soluble | 
Alpha Beta Radium | 
(a) ABovE MILLs 
A 85 220 6 2.1 5.6 0.2 
4 100 260 6 4.1 10.4 0.3 
B 15 120 —f 0.4 3.7 —t 
B 110 60 -—t 4.4 2.3 —t 
D 2 0 5 0.1 0 0.2 
D 230 0 —t 4.6 0 —-t 
Po 2,600 660 150 500 38 
1,500 360 52 160 12 
390 | 19 50 —t 
390 | mm 16 36 
1,400 ee 31 100 12 
100 440 70 4.9 21 3.4 
470 8490 —t 8.2 16 —t 
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The river below mill D serves as a 
source of water supply for a small 
community located some miles below 
Station 4 and grab samples of treated 
tap water were collected at this location 
on three alternate days of the survey. 

Water uses in the areas below the 
two mills included irrigation of crop- 
lands, as well as stock and game water- 
ing. These uses were not investigated 
at the time of this survey. Both areas 
are hunted for game during the open 
season. 


Analytical Methods, 1956 


In general, analytical methods were 
the same as those used for samples col- 
lected during the 1955 survey. The 
methods for radium were slightly modi- 
fied for the river mud samples, in that 
rather pretreatment of the 
sample necessary. Analytical 
methods for gross radioactivity were 
improved somewhat by direct analysis 
to determine individual sample char- 


extensive 
was 


acteristics of self-absorption. 


For each mud sample and for se- 
lected biological and water samples, 
self-absorption was determined by pre- 
paring and counting three planchets; 
for each of these samples, planchets 
containing about 50, 100, and 250 mg 
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of dried (or ashed) material were pre- 
pared. The resulting counting data 
were plotted as in Figure 4, which indi- 
cates the results for a typical case. It 
was found by analysis that the observed 
curves for gross alpha activity were all 
satisfactorily described by 


R(w) = 
R(w 


is the net count rate in 
per minute for w mg of 
sample, FR. is the infinite thickness 
count rate, and C is an absorption con- 
stant having reciprocal milligram di- 
mensions. By analysis of the observed 
data according to Equation 1 it is pos- 
sible to obtain values for R, and C, 
from which an estimate of the 
thickness count rate can be made. 
The rate constant, C, may be evalu- 
ated by graphical analysis of the ob- 
served data: it is the slope (to base 10 
of the straight line which may be fitted 
to a plot of the logarithm of the dif- 
ferences in R(w) for equal intervals of 
sample weight, vs. the sample weight, w. 
Having (, R,, is determined by use of 
Equation 1 and observed values of 
R(w The zero thickness count 
rate, ro, is the slope of a tangent to the 
curve of Figure 4, and is obtained from 


where 
counts 


zero 


and w. 


FIGURE 3.—Location of stream sampling stations, mills D and E. 
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in net counts per minute per milligram. 
For the mud sample shown in Figure 4 
Station 6), for example, it was found 
that R, = 232 epm, C = 0.0095 per 
milligram, and the zero thickness count 
rate was 2.2 epm per milligram. For 
all mud samples the absorption con- 
stant, C, ranged between 0.0085 and 
0.016 per milligram, for gross alpha ac- 
tivity. 

Gross beta activities could not gen- 
erally be adequately fitted by Equation 
1: a more complex equation apparently 
is required. The self-absorption factor 
for beta activities was, therefore, esti- 
mated on the bases of earlier data (10) 
and judgment in connection with the 
observed absorption curves. 

The foregoing results are not surpris- 
ing if one considers the particle ener- 
gies involved. Equation 1 represents 
the absorption of monoenergetic radia- 
tion. The samples under consideration 
contain six or more different alpha 
emitters and six beta emitters if atomic 
bomb debris is assumed absent. The 
emission energies of the alpha particles, 
however, fall within a relatively narrow 
energy range. On the other hand, the 
beta energy distribution for any single 
emitter is broad, and the energy range 
for all beta particles emitted by the 


FIGURE 4.—Radioactivity of mud sample from Station 6. 


group of radioisotopes present in the 
samples is quite wide. Thus, it appears 
from the data that the assumption of 
a monoenergetic group of radiations 
provides a useful and adequate ap- 
proximation in the case of gross alpha 
activities, but not in the case of gross 
beta. 


Analytical Results, 1956 


The average radioactivity of river 
water samples collected during the sur- 
vey is indicated in Table VI. Radio- 
active materials in suspended form are 
quite evident at the station immediately 
below each refinery. Sedimentation to 
the river beds at the low river flows 
prevailing was rapid, and data for sub- 
sequent stations show markedly less 
suspended radioactivity. The increase 
of radioactivity in dissolved form below 
the mills is less marked, but evident. 
The dissolved radium data indicate a 
definite increase in the river immedi- 
ately below each mill, followed by a 
gradual decrease proceeding down- 
stream. That a part of this decrease 
is the result of dilution by tributaries 
is certain; data on the radium content 
of the stream biota, especially algae, 
presented hereafter, indicate that some 
indeterminate portion of the dissolved 
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TABLE VI.—-Quality of Surface Streams, 1956 


Radioactivity /i) 


Station 


Number 


Mileage Gross Alpha 
Diss 


River D 


39 
4,020 
265 


260 
RIvEeR 


0.0 5 tT 50 t 

2.3 9,300 180 19,500 22.300 250 22.500 
1.9 2,460 100 2.560 3.070 270 5 340 
11.2 410 90 500 540 320 860 
20.8 240 SO 320 340 270 610 
29.4 280 130 110 410 260 670 
38.1 390 50 $40 590 370 960 


* Average; daily composites at Stations 2 and 6; otherwise, daily grab samples 
+ Indeterminate due to excessive quantities of dissolved solids 


radium is taken from the flowing water 15 and 35 pyc/g for gross alpha and 

by the stream biota. gross beta activity, respectively. Back- 
The quantity of radium in the river ground radium content was about 1.0 

below each mill is also of interest upe/g for these muds. At locations im- 

Flow in the rivers below mills D and E 

averaged 4.8 and 14.5 cfs, respectively, TABLE VII.—Quality of River Muds, 1956 

during the survey. Using the radium 

concentrations from Table VI at Sta- 

tions 2 and 6, it is estimated that the 

quantity of dissolved radium added at 

mill D is about 0.3 me per day and the 

quantity added at mill E is about 2.6 a) River D 

me per day. The radium content of 

river muds found below the mills will 20 10 


vield some indication of the amount of 9,900 10,600 
‘ 15 10) 


undissolved radium added at these loca br 150 


tions. 
The three tap water samples taken on River E 
consecutive days in the small com- 
munity located a few miles downstream : 10 30 
from Station 4 had an average dissolved 1,950 3,050 
radium content of 6.1 pye/1. 1,200 1,050 
Table VII presents data on the radio- oa — 
activity of river muds found at loca- 75 160 
tions near the mills. The background 100 150 
radioactivity levels, in pyc/g are quite 


low (Stations 1 and 5), averaging about * Ashed weight. 


: 
: 
1022 
1958 
Sust 
Diss Re le 
Total 
15.4 260 90 
0 26 9,250 230 
260 15 50 02 
50 | 15 
‘ 
E 5.3 
6 
7 
10 1.5 
38 11 “6 
53 
RR 
+59 
a 
| 
2,100 
298 
22 
0.7 
730 
260 
992 
114 
16.8 
24 
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mediately below the mills gross radio- 
activity increased sharply, as did the 
radium content of the muds, the radium 
content being 1,000 to 2,000 times the 
background, or natural, amount. 

The effects of the flash flood that oc- 
eurred about a month prior to the sur- 
vey of River D are quite evident from 
the data of Table VII. It is clear that 
the flood thoroughly flushed out this 
stream stretch, as indicated by the 
radioactivity of muds from Stations 3 
and 4, and that the radioactivity found 
at Station 2 represents only 3 to 4 
weeks of accumulation. ‘fh1s conelusion 
was also borne out by the condition of 
the algae and other biota found during 
the survey. 

The decrease of radioactivity of muds 
proceeding downstream in River E was 
The deposits of mud in 
this stream were thicker and more ex- 
tensive than those of River D. Hence, 
although the concentrations of radio- 
activity and radium are several times 
higher at Station 2 than at Station 6, 
the quantities are undoubtedly greater 
at Station 6. No good estimates of vol- 
umes of mud were made during the 
the concentrations of 
Table VII cannot be converted to total 
A quite 
conservative estimate indicates that at 
the time of the survey there was at least 
1.0 g of radium in the river mud within 
the first mile below mill D. 

It is of interest also to note from 
Table VII that the radium content of 
the silts, expressed as a percentage of 
the gross alpha activity, was relatively 
constant In River D 
the radium content was about 21 per 
cent of the gross alpha activity, whereas 
in River E it averaged 27 per cent. 

The gross radioactivity and radium 
content of the stream biota sampled 
during the 1956 survey are given in 
Table VILL. 

The natural, or background, radioac- 
tivity of the stream biota is represented 
by the data at Station 1, Table VIII. 
For algae, bottom insects, and chara (a 


more gradual. 


survey, hence 


quantities on the river bed. 


in each stream. 
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TABLE VIII.—Radioactivity of Stream Biota 


Gross Radioactivity 
(ape ‘g)* 


Station | 
Messer | Type of Biota 
Alpha | Beta | Radium 
| Algae 128) 22 
Insects 3 260 7 
Chara 19 26 8.1 
Juvenile suckers (9 6 0 0.6 
Dace (6) 3 260 0.3 
Ribs of 1 sucker 4 32 0.2 
2 Algae 10,500, 15,600, 3,560 
3 Algae 410, 1,130, 200 
Insects 760 790 185 
Juvenile suckers (10) 9 0 14.0 
Bonytails (6) 11 110 5.7 
Dace (6) 12 120 10.6 
Ribs of 1 sucker 12 0 17 
4 Chara 85 45) 26 
Insects 730 570 270 
Algae 1,080' 3,280) 750 
Insects 65 560 44 
Juvenile suckers (10) 52 20 47 


* Ashed weight. 


| 


large alga thriving best in hard waters 
and generally encrusted with lime), 
the data are quite similar to back- 
ground data found in the 1955 survey. 
The fish samples consisted of sections or 
parts of 9 juvenile suckers and of 6 
dace: a few ribs of one adult sucker 
were cleaned of flesh and analyzed as 
bone. 

Algae samples at Station 2, below 
mill D, showed a large increase of gross 
radioactivity and radium, the radium. 
content being about 2,500 times that of 
the algae from Station 1. The radium 
content of algae at Station 3 was lower, 
but still 100 times the content of Sta- 
tion 1 algae. Bottom insects were not 
readily obtainable at Station 2, but 
those obtained at Stations 3 and 4 con- 
tained about 100 times the radium 
found in insects from Station 1. Gross 
radioactivity at Stations 2, 3, and 4 was 
also markedly increased, generally in 
the same proportion as the radium con- 
tent. 

The gross alpha radioactivity of fish 
was very slightly higher downstream 
from mill D; the radium content was 
quite definitely higher below this source 
of wastes. The bone sample from Sta- 
tion 3 had about 10 times the radium 
content of a similar sample from Sta- 
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tion 1. There was no detectable in- 
erease in the beta radioactivity of fish 
samples. 

At Station 11, some 38 miles below 
mill E, there was definite evidence of 
radium increases in the stream biota. 
The concentration of both gross activity 
and radium in algae was second only to 
that found River D, 
even though Station 2 was only about 
one-half mile below mill D. The ra- 
dium content of the insects and fish at 
Station 11 indicated definite ac- 
cumulation. It was noted during anal- 
ysis of the sample of parts of 9 suckers 
that the guts apparently contained rela- 
tively large quantities of fine silt, and 
that material might well account for 
much of the radioactivity of this fish 
sample. 


at Station 2 on 


also 


Summary, 1956 


The river bed below mill E was over- 
laid with sand and fine silt for a num- 
ber of miles, and was biologically very 
poor in this reach. Samples of algae 
and bottom-dwelling insects were not 
obtainable, and the use of rotenone at 
Station 8, some 10 miles below the mill, 
failed to yield a single fish. The river 
below mill D was not so silt laden, and 
various kinds of biota were obtained. 
In both streams there was evidence of 
considerable accumulation of radioac- 
tive material in the biota and silts, as 
well as increased concentrations in the 
water below the mills. 


Discussion and Summary 


The gross radioactivity and soluble 
radium content of effluents from a num- 
ber of the uranium mills, and of water 
samples from some of the streams below 
these mills, have been found to be in 
excess of usually accepted maximum 
permissible amounts (3)(5). In gen- 
eral, the refineries that discharge the 
largest quantities of radioactive ma- 
terial are located in rather isolated 
areas, although the data indicate at 
least one exception to this rule. All but 
one of the mills in operation at the time 
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of these discharged most of 
their wastes to tailings ponds, and at 
these locations the stream received only 
small direct effluents in addition to 
seepage from the tailings pond. At one 
mill the tailings pond was not in use 
during the surveys, and wastes to the 
stream included the sands and slimes as 
well as other process effluents. 

Stream biological and silt samples 
proved to be excellent indicators of 
recent radioactive pollution. Depend- 
ing on the recent stream history of flow, 
temperature, needs of the organism, 
availability of the chemicals involved, 
and other factors, these are cumulative 
samples. The biota reflect primarily 
the soluble radioactivity content of the 
water, whereas the silts, of course, are 
indicative of the suspended radioac- 
tivity load. There definite evi- 
dence of accumulation of radium and 
wasted radioelements in river 
mud and biological forms below most 
of the mills. 

Studies below mills D and E demon- 
strated considerable biological uptake 
of radium. Algae samples below mill 
D had 1,500 times the radium 
tent of algae from a station 
this mill. Insect samples indicated the 
same general course of radium uptake, 
and the few fish samples showed smaller 


surveys 


was 


other 


con- 


above 


but definite increases of radium content 
mills. Definite in- 
creases of gross radioactivity and of 
radium in the stream biota were ob- 
served as far as 38 miles below mill E 
It has been estimated that about 0.3 mg 
per day of dissolved radium was being 
added to the river at mill D and about 
2.6 mg per day at mill E. Tap water 
samples taken from a small community 
supply some 25 miles below mill D had 
a soluble radium content of 6.1 ppg/|, 
or about 20 times the natural radium 
content of the stream. This value of 
6.1 pue/l may be compared to the MPC 
of 40 and the suggested value of 4.0 
pye/l cited in Handbook 52 (3). 

There was considerable accumulation 
of radioactive material in the river 


below these two 


iz 

he 

ah 

2 
© 
= 
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muds below mills D and E. Speecifi- 
cally, the radium content of mud about 
a half-mile below these mills was 1,000 
to 2,000 times the natural or back- 
ground amount. As in the case of the 
stream biota, the radioactivity content 
of the muds decreased proceeding 
downstream from the mills, but at no 
sampling station did it again reach 
levels. The average ra- 
dium content of muds below the mills 
was in the neighborhood of 25 per cent 
of the gross alpha radioactivity of these 
muds. 


background 


Based on the radioactivity of the wa- 
ter samples, stream flows, and data re- 
garding the percentage of gross alpha 
activity that represented radium, esti- 
mates have been made of the amount of 
radium deposited daily on the river 
beds mills D and E. In the 
former case, the amount of radium de- 
posited on the river bottom between 


below 


Stations 2 and 3 was about 10 mg per 
day at the time of the survey. 


This 
level does not reflect the unknown but 
probably appreciable quantity of ra- 
dium deposited daily in the reach above 
Station 2 and below the mill, a distance 
of roughly one-half mile. In the reach 
between Stations 6 and 7 below mill E, 
where the tailings pond was not in use, 
about 170 mg per day of radium were 
deposited during the survey. An addi- 
tional 30 mg per day were deposited 
below Station 7. The amount of daily 
deposit between the mill and Station 6, 
although significant, cannot be esti- 
mated and is not included in the fore- 
going data. 


Public Health Considerations 


Although a great deal is unknown re- 
garding the public health implications 
of the radioactive waste discharges from 
the uranium refineries. certain consid- 
erations are clear. The radioactive 
wastes from this industry are of both 
immediate and long-term interest be- 
cause of the very long half-lives in- 
volved. 
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In terms of today’s accepted stand- 
ards of safety for internal radiation ex- 
posure (3), no domestic water supply 
was found to be clearly unsafe as the 
result of uranium milling operations. 
The single water supply tested had a 
radium content only slightly above that 
suggested for general populations, and 
clearly below the content considered 
permissible for occupational exposure 
(3). However, other water uses and 
other sources of radiation exposure 
must enter the picture, as interest 
necessarily lies in total radiation ex- 
posure rather than in exposure from 
a single source only (3)(12). Other 
water uses in the area where the ura- 
nium mills are located include irriga- 
tion of croplands and grazing lands, 
stock watering, and recreation. Aside 
from weapons testing and bomb debris, 
other local sources of radiation expo- 
sure include the unknown occupational 
exposure of uranium miners and millers, 
as well as the possibility of local at- 
mospheric contamination by the gas 
radon, which emanates from the ore 
piles and tailings piles located near the 
refineries. Finally, the observed data, 
although sparse on this point, suggest 
that undissolved uranium mill wastes 
may accumulate in the filter units of a 
domestic water treatment plant and 
have some detectable effect on the ra- 
dium content of the finished water. 

Radioactive materials that are dis- 
charged to a stream may be found in 
any of the three phases of the stream 
environment (namely, the water, silts, 
or biota), as indicated by the data in- 
eluded here. The only way in which 
such material truly disappears from 
this environment is by radioactive de- 
eay according to a fixed half-life, and it 
alternates among the three phases prior 
to such decay. In the biota and muds 
there is alternate accumulation and dis- 
persion of such material, in keeping 
with the flow history of the stream, the 
biological cycles, and environmental 
factors; and, as indicated by the data, 
material such as radium may be found 
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throughout the food chain of the stream 
in varying amounts. 

In view of the long half-life of ra- 
dium and its dispersion in the water 
environment, the ultimate fate of radio- 
active liquid wastes from the uranium 
mills is of considerable interest and 
significance. Soluble radium will be at 
least partially removed from the flow- 
ing water by the stream biota, and upon 
their death becomes transferred in part 
to the sediments. The significance of 
the suspended fraction of the radioac- 
tive wastes is not clearly defined. This 
material, including the bulk of the ra- 
dium discharge, becomes a part of the 
river silts, to be alternately scoured 
and deposited on the river bottom, pro- 
ceeding downstream until it reaches a 
final undisturbed resting place. Ra- 
dium sulfate is very insoluble in water, 
but the permissible amounts in drink- 
ing water are measured in 
billionths of a part per million (3 
hence, solubility must be considered as 


terms of 


a relative rather than an absolute scale 
of measurement. During transport by 
flood flows, for example, some radium 
may dissolve out of the suspended silts. 
The amount of radium that leaches out 
of the tailings piles into the streams is 
not known, nor can it be estimated at 
this time how much radium or other 
radioactive material may leach out of 
the undisturbed river muds at low 
stream flows to become dissolved in the 
flowing water. 

In view of the foregoing, it appears 
that disposal of wastes from the ura- 
nium refining industry is a problem to 
be approached with caution. The long- 
lived nature of these wastes, and con- 
sideration for both present and poten- 
tial area water uses, indicate a need 
for careful consideration and control 
over the ultimate fate of such material. 
Until considerably more detailed infor- 
mation can be gathered and research ac- 
complished, the following waste dis- 
posal philosophy, taken from Handbook 
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52 (3), appears to offer the most prac- 
tical course of action: 


‘*Because of the many uncertainties 
involved, this Committee recommends 
that every effort be made to keep the 
concentrations of radioisotopes in air 
and water and in the body to a mini- 
mum. The goal should be no radioac- 
tive contamination of air and water and 
of the body if it can be accomplished 
with reasonable effort and expense. If 
such a attained, the 
average operating levels should be kept 


goal cannot be 
as far below these recommended values 
as possible, and not above them for any 
extended periods of time.’’ 


Future 


Research 


involving 
procedures as well as the 
ultimate fate of radium in the stream 
resulted from the 
These include 
the question of leachability of radium 
from river silts and mill tailings, and 


A number of 
analytical 


questions 


have 
studies reported here 


environment 


the effects of various mill processes on 
the solubility of the radium present in 
the ores. The extent of uptake of ra- 
dium by the stream biota requires fur- 
ther together with the 
question of whether adsorption or true 
absorption of radium is_ involved. 
Work on these and other questions in- 
volving the fate of uranium mill waste 
discharges is planned. In addition, 
studies feasible radioactive 
waste treatment and containment meth- 
ods are planned. 


investigation, 


regarding 
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COMMINUTED SOLIDS INCLUSION WITH SPRAY 
IRRIGATED CANNING WASTE 


By Rosert A. CANHAM * 


Sanitary Engineer, National Canner 


The need for improved handling of 
solids from most canning operations has 
been evident for many years. While 
screening is nearly a universal practice, 
the separated solids are frequently re- 
sponsible for difficult operational prob- 
lems since: 


1. In many plants the eventual dis- 
posal of the separated solids is a sub- 
stantial cost item requiring full time 
for one or more men, and the complete 
utilization of heavy equipment. 

2. Temporary storage of solids at the 
screening site frequently leads to odor 
problems. 

3. Temporary storage of solids at the 
screening site provides an attraction as 
well as a potential breeding ground for 
various insects. 

4. Since the screened waste from 
most products contains considerable 
moisture there usually is dripping from 
the truck or wagon in transit. Because 
it is usually necessary to use public 
roads, complaints frequently can and 
do arise and can cause (a) poor com- 
munity relations, (b) denial of access 
to the public roads, and/or (c) actual 
litigation arising from assorted inter- 
pretations of the manifestations of the 
leaking waste. 

5. It is fast becoming a real problem 
to locate an isolated site for dumping 
the solids. This problem can preclude 
all other considerations. Figure 1 
shows a typical solids disposal site with 
its attendant conditions. 


Therefore, the study objectives were: 


* At present, Associate Editor, Federation 
of Sewage and Industrial Wastes Associations, 
Washington, D. C. 


Association, 


Washington, D. C. 


1. Is it possible to include solids with 
the liquid waste for disposal by spray 
irrigation, without incurring costs in 
exeess of those involved with 
separation and separate handling? 

2. What will the effects of such waste 
be on the soil and cover crop? 


sol ids 


(a) Will the added solids 
deleterious deposits on the crop 
or soil? 

Will there be any noticeable ef- 
fect on the permissible rate of 
application ? 


become 


(b) 


Will there be any nutritional ef- 
fects on the soil and crop? 


3. Will there be serious mechanical 
problems encountered ? 

4. Could such a system be recom- 
mended for general use by canners 
packing various quantities of different 
products? 


General Background 


There has been some 
work done wherein the were 
comminuted and added to the liquid 
portion of the waste prior to disposal 
by spray irrigation. The principal 
product handled in this earlier work 
was tomatoes, 


exploratory 


solids 


although beets, carrots, 
kraut, and some asparagus were also 
processed. The results have not been 
completely satisfactory due primarily 
to the following: 


1. The entire irrigation field was un- 
derlain with drain tile at a depth which 
permitted rapid percolation and drain- 
age to open public water 
Analytical data revealed that the BOD 
of the waste carried off through the tile 


courses. 
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was quite high and not acceptable to 
the water course. 

2. Attempts to seal such drain tile 
have also proven to be a problem. 

3. Much of the time there has been 
a poor cover crop on the irrigation field. 
Maximum utilization of the field has 
not been approached. 

4. Due to insufficient breakup of the 
solid particles, large nozzle openings 
have been used with low pressures, re- 
sulting in poor atomization of the water 
particles and a tendency for ponding. 

5. Ponding at times has been ag- 
gravated by excessive periods of spray- 
ing in one position. 


The physical layout of the earlier 
work was not typical of the majority 
of ecanners’ situations; therefore, a 
more representative operation was 
needed to test the method. 

Accordingly, a large, upper midwest- 
ern pea processing plant was selected.* 


* The Green Giant Co., Montgomery, Minn. 


SPRAYED CANNING WASTE 


FIGURE 1.—Screened solids disposal site as customarily used in pea 
canning operations. 
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At this plant four years of experience 
had created an effective and well- 
organized spray irrigation program. 
Adequate acreage was available on 
which a careful program had been 
maintained to develop a high quality 
cover crop (1). 

Several of the solids handling prob- 
lems listed above had been encountered 
at this plant. Therefore, the existing 
solids handling equipment made it sim- 
ple to adapt to a comminuting system. 


Description of Systems 
Plant Facilities 


In this canning plant operation dur- 
ing the season of study the lug boxes 
of peas were handled on pallets and 
dumped by hand into hoppers which 
fed bucket conveyors to an upper level 
of multiple clipper-cleaners. The sep- 
arated waste from the clipper-cleaners 
fell into a serew conveyor which dis- 
charged into a large storage hopper 
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FIGURE 2.—Comminuting machine 


mounted in such a position that vehicles 
could pass underneath for loading. 
The plant process waste was passed 
through a large rotary The 
separated solids were normally con- 
into the 
tioned above. 


screen. 


veyed serew conveyor men- 
The liquid portion was 
collected in a wet well and pumped to 
the irrigation site by an electrically 
driven centrifugal pump. Calibration 
of this pump revealed a delivery of 
1,168 gpm. Since the pump was float 
controlled it was possible to obtain the 
total waste flow by recording the daily 
cumulative operating time. 
Comminutor 

The dead end of the waste solids 
screw conveyor was conveniently lo- 


cated adjacent to the waste screening 
pit. 


The solids separated by the rotary 


screen entered the screw conveyor near 
the dead end. These physical locations 
made it possible to mount the com- 
minuting machine beside the screening 
pit with a minimum of extra construe- 
tion. 
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with mounting similar to that used. 
The comminuting machine * 

mounted on a steel frame and con- 
nected by direct drive to a 50-hp, 1,750- 
rpm motor (Figure 2). The horizontal 
drive shaft had a series of alternately 
spaced, blunt-edged impact blades 
mounted at right angles to each other. 
The blades furnished with the machine 
double serrated, impact blades 
(Figure 3 Each blade was approxi- 
mately 3/8 in. in thickness and 

separated from the next blade by a 
washer of similar thickness. A semi- 
cireular screen mounted on the 
lower half, covering the longitudinal 
area of the blades and allowing a small 
amount the sta- 
tionary and rotating units. Openings 
were provided in the screen. The com- 
minuting action depended ou the im- 
pact afforded by the solids being thrown 
against the screen in addition to shear- 
ing by the blades. The screen origi- 
nally supplied contained 7/32-in. diam- 
eter openings alternately connected by 
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was 
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* Model K, The W. J. Fitzpatrick Company, 
Chieago, Ill. 
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FIGURE 3.—Fixed impact blades with serrated edges as provided in comminutor 
(Series 3600—Code 625). 


FIGURE 4.—General view of comminutor mounting, showing feeding arrange- 
ment and de-stoning device. 
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FIGURE 5.—Field irrigation pumping arrangement showing dual gasoline 
pumps and pump suctions enclosed by stationary screening in one end of earthen 


reservoir. 


somewhat narrower slots. All parts of 
the comminutor were stainless steel. 


Comminutor Operation 


Waste was fed from the top of the 
comminutor into a hopper and thence 
directly downward into the chopping 


section. The combined liquid and 
macerated solids passed through the 
screen into a trough for discharge into 
the waste wet well. 

Since the comminutor would con- 
sume power in quantities varying di- 
rectly with the amount of water han- 
dled, it was desirable to obtain some 
solids de-watering before charging the 
comminutor. This was accomplished in 
two ways. The rotary screen operation 
was continued, and those de-watered 
solids joined the clipper-cleaner solids 
in the screw conveyor. For passage 
through the comminutor the screw con- 
veyor was reversed, and a flume was 
provided from the normally dead end 


of the conveyor to the comminutor hop- 
per. It necessary to add a small 
amount of water to the solids at the 
point of discharge from the screw con- 
veyor for convenient conveyance to the 
comminutor hopper. Near the point 
of entrance to the hopper the flume as- 
sumed a 45-degree angle slanting down- 
ward into the hopper (Figure 4). In 
the slanting portion a bar screen was 
installed to provide further 
ing immediately ahead of 
minutor. 

Another problem common to most 
canners is the quantities of stones and 
tramp metal which find their way into 
the waste. A pea operation may involve 
relatively large numbers of stones from 
harvesting and was, therefore, of con- 
cern in this installation. 

In order to de-stone the wastes, a 
transverse slot was cut in the flume 
bottom a short distance ahead of the 
comminutor. A hopper mounted below 
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FIGURE 7.—A portion of the fields under spray irrigation showing sprinklers in 
use on sloping land. 


the opening fed to a cylinder into 
which a water line was piped. The 
amount of added water was adjusted to 
a flow rate which permitted the waste 
solids to pass the slot but 
allowed the stones to drop for collee- 
tion and separate disposal (Figure 4 


across 


Irrigation Facilities 


From the wet well the centrifugal 
pump delivered the mixed comminuted 
solid and liquid waste through approx- 
imately 3,400 ft of 10-in. transite pipe 
to an earthen pump reservoir located 
on a farm. The pump reservoir origi- 
nally had been designed and con- 
structed as a smaller pit, but subse- 
quent cleaning by excavation with a 
clam shell increased its size. At the 
time of these experiments, dimensions 
were 30 by 90 ft, with an average depth 
of 6 to 7 ft. Total volume was 120,000 
to 140,000 gal, and for an effective 
pumping depth of 4 to 5 ft the volume 
was 80,000 to 100,000 gal. 


field 
lines was done 
portabl 
The pumps were 
to six-cylinder rasoliné 


the 
irrigation 


Pumping from 
through the 
by two 
pumps * 
close-coupled 


reservoir 


gasoline 
(Figure 5 


powered 


engines +, having 236-cu in. piston dis 
placement, and developing 55 continu 
ous horsepower at 1,900 rpm. Thesé 
were six-inch pumps and were mounted 
to operate either independently or in 
parallel 

Stationary screening was provided in 
the form of a crib around the 
pump suctions (Figure 5 Removable 
screens with wire openings of approx! 
mately 1/8 in. Such sta- 
tionary screens are a normal part of 
most spray irrigation systems, but if 
all solids were sufficiently comminuted 
this requirement would be eliminated. 
In these tests the part-time operation 
of the comminutor made necessary the 
continued use of these screens. 


Two 


were used. 


* Model SS-6H-55CMC Rainmaster Pump. 
t Chrysler Model IND-7. 
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The main line from the gasoline 
pumps consisted of nearly 4,000 ft of 
8-in. galvanized, quick-coupling, self- 
draining pipe. Laterals were mixed 5- 
and 4-in. Linklok aluminum in 20-ft 
lengths, and totalled some 2,600 lineal 
feet. Sprinklers were Rainbird No. 70 
of mixed sizes; 5/16- by 7/32-in., 11/ 
32- by 1/4-in., and 9/32- by 7/32-in., 
although the 5/16- by 7/32-in. size 
predominated. Altogether there were 
84 sprinklers in use. 

Three farms were combined for the 
total spraying area; therefore, the site 
did not conform to a regular shape 
(Figure 6). Usable portions of the 
three plots were 65, 31, and 26 acres, 
respectively, totalling 122 acres under 
irrigation. The topographical features 
revealed a gently rolling character to 
the land, and it was estimated that 
there was no slope having greater than 
about 5 per cent grade. Figure 7 shows 
some of the typical grades encountered 
on the irrigation fields. Natural drain- 
age was principally in three directions. 
A low marshy area drained the largest 
section and was the primary unsatis- 
factory natural feature of the entire 
system. Unusually high waste loading 
could allow run-off into the marsh, and 
saturated soil could allow infiltration. 
Naturally, long periods of heavy rain 
will produce these conditions. 


Soil Characteristics 


Examinations of the soil several 
years earlier revealed the land to be 
composed of the following three soil 
types, although the proportions of each 
are not known: 


1. Clarion and Lester silt loam and 
silt clay loam. 

2. Le Sueur silty clay loam. 

3. Webster silty clay loam. 

The first two types are described as 
“dark colored, deep soils derived from 
medium textured parent material, well 
or moderately well drained.’’ The 
third type is described as ‘‘dark 
colored, deep, moderately fine textured, 
poorly drained.”’ 


SPRAYED CANNING WASTE 


Soil Management 


A brief history of the management 
of the irrigation fields is relevant to 
the study. 

Ditch, or ridge and furrow irrigation 
was used on one of the farms in 1951. 
Poor results were obtained, and in 
1952 the spray irrigation program was 
initiated. 

During early 1952 the irrigation 
ditches were leveled and the farm was 
seeded with alfalfa, brome, meadow 
fescue, rye grass, blue grass, and tim- 
othy, with one area seeded to ladino 
clover in addition to the above. Oats 
were used as a nurse crop. The records 
of the proportions used in the seeding 
program are not available. 

The oats were cut at heading stage 
and removed. The alfalfa thrived and 
was not cut further that year, to allow 
for maximum root development. A fer- 
tilization program using inorganic 
sources of nutrients was carried on to 
the degree necessary for good growth. 

During the first year the rate of 
waste application was in excess of field 
capacity and, as a result, run-off was 
encountered. 

In 1953, the other two farms were 
added, which doubled the effective ir- 
rigation area. The new farms were 
seeded with a mixture similar to that 
used on the first farm. The original 
farm was reseeded lightly due to crop 
damage from overwatering in 1952. 
During the growing season the crop on 
the original farm was clipped four 
times, and the clippings were allowed to 
remain on the field as a mulch. Fer- 
tilizing was done in the early spring, in 
June, and in the fall, the amounts vary- 
ing with the soil requirements. The 
original farm had a good stand of grass 
and handled the waste quantities in a 
satisfactory manner during the pea 
pack. The remaining acreage suffered 
somewhat due to a dry fall season. 

The following year (1954) the three 
farms were used with satisfactory re- 
sults except for a period late in the 
corn season when heavy rains in addi- 
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tion to long operating hours caused 
overloading of the soil. 

The grass was clipped four times 
during the season, and again the clip- 
pings were left on the field as a mulch. 
The usual fertilization program was 
maintained. 

During 1954, an analysis of the crop 
showed that of the grass stand, 85 per 
cent was meadow fescue, 5 per cent was 
brome, 5 per cent was blue, and the 
remaining 5 per cent was miscellaneous 
Less than 1 per cent of the 
alfalfa remained. The small area origi- 
nally seeded to ladino clover had been 
reduced about 60 per cent. It was esti- 
mated that since the blue grass was well 
dispersed there would be enough to 
predominate if the fescue died. 


grasses. 


Operation of System 


It was desirable to compare areas 
which received the comminuted solids 
with others which did not. Accord- 
ingly, the program was scheduled for 
the comminutor to be operated each 
third day only. Spraying of the mixed 
comminuted solids was confined to one 
field, which in area was approximately 
one-third of the total acreage. On the 
remaining two days the screened liquid 
waste without comminuted solids was 
sprayed on the balance of the land. 
The irrigation area is shown in Figure 
6. The area covered by laterals M-1 
through M-25, estimated to be about 37 
acres, received the comminuted solids 
mixed with the liquid waste. The bal- 
ance of the fields (some 85 acres) re- 
ceived only the screened liquid waste. 

Total application periods per day 
were variable due to the characteristic 
fluctuations in the canning operations 
from day to day. On some days the 
plant operation was only for 5 hr and 
on others almost 24 hr. Such variable 
operating schedules are characteristic 
of seasonal canning operations. 

As an aid in maintaining a uniform 
spraying operation the laterals were 
spaced on 80-ft centers, and each lat- 
eral was given a code number. Nozzle 
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spacing was 60 ft on the laterals. 
Stakes with the lateral identifications 
were placed at the appropriate spots 
at the main line. With a plan of the 
fields it was simple to maintain uniform 
moves. No lateral was allowed to be in 
operation in one place for more than 
four consecutive hours. Two adjoining 
laterals were not used simultaneously ; 
therefore, no overlapping was consid- 
ered in the lateral direction. Although 
optimum rest periods were planned, 
there were times when the rest intervals 
were only one or two days. However, 
as an average the rest periods were near 
the normal of six to seven days (2) (3 

It was necessary to make certain as- 
sumptions in the operation. 


1. The nozzle pressures were as- 
sumed to be a uniform 60 psi. This 
assumption is based on an estimated 10 
psi or 23-ft head loss from the pump to 
the nozzles. No actual nozzle pressure 
data available. Obviously th: 
head loss was different at any lateral 
position and at each nozzle. Therefore, 
an average pressure was used for sim- 
plification in over-all calculations. 

2. All sprinkler nozzles were as- 
sumed to be Rainbird No. 70, with 5/16- 
by 7/32-in. openings. In actuality, this 
few 
However, the ma- 
jority were those listed above, and since 


were 


true since there were a 
other sizes included. 


was 


not 


there was considerable mixing of noz- 
zles during each day’s lateral moves, 
it was not practical to account for such 
distribution. 

3. The sprayed area was assumed to 
be that encompassed by the length of 
the and the diameter of spray 
coverage obtained with no wind effect. 


line 


4. Pumping was assumed to be un- 
interrupted for the period of waste ap- 
plication. Due to pump change-over 
and throttling down for lateral moves, 
some error is included in this assump- 
tion. 

5. Each nozzle was assumed to de- 
liver the theoretical amount. Periodic 
clogging reduced the actual discharge, 
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but no data were available to indicate 
the exact amounts. 


Waste samples were taken daily, ex- 
cepting weekends. Composite samples 
were taken of the raw screened waste 
and of the waste in the pump reservoir 
on all week days, and an additional 
composite of the combined liquid and 
solid waste was taken on days when 
the comminutor operated. Analyses 
for pH, 5-day BOD, COD, total solids, 
suspended solids, total nitrogen, total 
phosphorus, potassium, and magnesium 
were obtained on representative sam- 
Total daily waste flow as meas- 
ured and recorded and other pertinent 
data, such as rainfall and air tempera- 
tures, were accumulated. 

On days when the comminutor did 
not operate the solids were separated 
and hauled in the customary way. 
Weights of these solids were also re- 
corded. 


ples. 


Discussion of Results 


The discussion will be divided into 
considerations of (a) operation of the 
comminuting unit, (b) solids separation 
and disposal operation, (c) field pump- 
ing facilities, (d) operations of the ir- 
rigation field and related effects, and 

e) over-all economic evaluation. 


Operation of the Comminuting Unit 


The first requirement for success of 
this system depends on the ability of a 
machine to disintegrate the solids to 
such extent that the spraying operation 
will function smoothly. This means 
avoidance of difficulties with (a) pump- 
ing, (b) accumulation of solids in the 
field reservoir, (c) odor, and (d) nozzle 
clogging. 

The original tentative requirements 
specified that the solids as discharged 
from the comminuting machine should 
contain no particles larger than 1/8 in. 
It was estimated that if the particle 
size were less than the smallest nozzle 
opening, reasonable success could be ex- 
pected. However, it proved necessary 
to consider the tendency for fibrous ma- 
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terial to form clumps which can cause 
pumping complications and clogging of 
nozzles. Details of these experiences 
will be covered later in this discussion. 

Each product handled has its own 
characteristics. The critical features of 
pea waste are the fibrous nature of the 
stems and pods, and the accompanying 
stones. An effective job of stone re- 
moval was accomplished by the simple 
trap described earlier. Complete re- 
moval is not attained, however, and the 
additional wear on the comminutor 
blades and screens must be considered. 
The equipment is reported to be able 
to handle some stones but may be dam- 
aged by tramp metal. 

The original installation powered by 
a 50-hp, 1,750-rpm motor was soon 
judged to be below the necessary re- 
quirements. The fiber passed through 
the machine, largely unharmed, and 
there were occasions when excessive 
bulk feeding loads choked the machine 
and caused complete stoppage. Sam- 
ples of the comminuted waste revealed 
that the average fiber length was in ex- 
cess of one inch. Therefore, improve- 
ments were necessary. 

It was then estimated that higher 
blade speed would improve the cutting 
characteristics. Accordingly, the origi- 
nal motor was replaced with a 30-hp, 
3,500-rpm motor. As a result there 
was a slight improvement in the fiber 
breakup. The next changes included 
the use of blades with the same profile 
but with sharpened leading edges, and 
the substitution of a screen without con- 
necting slots between the circular open- 
ings. 

Slight additional improvement was 
obtained, but fiber lengths in the final 
waste remained in excess of 1/2 in. 

The termination of the season pre- 
cluded further changes. Other im- 
provements were suggested by the man- 
facturer with the objective of more ef- 
ficient fiber breakup. 

Observations confirmed the theory 
that slotted screen openings reduced 
eutting efficiency and encouraged the 
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accumulation of fiber in the slots. As 
a result, cleaning the sereen was a 
tedious job. It appears also that the 
screen openings must be smaller than 
those used to accomplish the desired 
purpose. Capacity of a given size unit 
may thus be lowered, and as a conse- 
quence, the installation may utilize 
more power. 

The existing unit was overpowered, 
for tests showed that the average op- 
erating load was about 15 hp with 
momentary jumps to nearly 30 hp. 
A more equalized solids feeding ar- 
rangement would tend to equalize the 
load on the motor. 

It appears that a comminutor built 
completely of stainless steel is unneces- 
sary. The use of stainless steel for the 
cutting blades and screen seems to have 
merit, although there is some evidence 
that carbon steel can be utilized effec- 
tively for screens. The machine body 
could also be made of other materials 
at considerably lower cost. 

Replacement costs of blades and 
screens must be considered also. The 
working life of these parts was not es- 
tablished during the testing period. 
Very little evidence of wear to the 
screens was found, but considerable 
wear was noted on the blades. 
of the screens made of thin material 
have been found to deteriorate quite 
rapidly. 


Sx yme 


Solids Separation and Disposal 
Operation 


The usual method of solids disposal 
by using the large rotary 
separation, followed by conveyance to 
a hopper for storage prior to hauling, 
was continued on two out of three days. 
Satisfactory solids separation was ac- 
complished by the rotary screen. The 
hauling operation occupied the full 
time of one man, a tractor, and at least 
one mechanically unloading 
(Figure 1 The disposal site was ap- 
proximately three miles from the plant. 

Observation of the hauling operation 
revealed that there were nearly two 


screen for 


wagon 
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tons of wet solids accumulated per 
hour, and each two tons represented 
a wagon load. During an average pea 
season there would be between 600 and 
800 tons of solids hauled from the 
plant. For approximate unit data it 
can be that the 
amounts to between 2 and 3 lb per case 
of No. 303 equivalents. Weights of 
solids in all instances cited 
as determined in the 
considerable water was included. The 
moisture content was not measured. 
There were insufficient analytical data 
on total solids to obtain 
checks on dry solids weights. 

If a waste disposal system included 
all the solids with the liquid the entire 
solids collection and hauling operation 
would be eliminated. At this particu- 
lar plant the rotary screen would prob- 
ably be retained for de-watering pur- 
poses; however, if a new system were 
designed, less efficient and consequently 
less costly water and solids separation 
might be used. The possibilities of the 
use of stationary screening for this 
purpose are interesting. 


assumed solid waste 


here 
wherein 


are 


wagon, 


reasonable 


At the site where this work was con- 
dueted the serew conveyor would also 
be retained since it conveniently feeds 
the solids from the clipper-cleaners to 
the comminutor. Solids transfer equip- 
ment in other canning plants would de- 
pend on the local circumstances. 


Field Pumping Facilities 


After a few days of adding the solids 
to the system it was found that changes 
would be necessary in the field pumping 
facilities. The pump reservoir was a 
rectangular earthen pit. Plant waste 
was pumped in at one end with free 
fall, and at the other end the waste was 
pumped out to the irrigation field. 
Two gasoline driven pumps were used 
in parallel for the irrigation. Mount- 
ing was adjacent with separate 6-in. 
suction lines (Figure 5). Discharge 
lines joined a common header. 

The stationary screens forming the 
erib enclosure were designed to prevent 
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occasional solids from the plant from 
entering the irrigation pumps. Re- 
gardless of how a mechanical screen is 
installed at a plant a few solids in- 
variably appear in the final waste. 
This may be due to mechanical prob- 
lems, by-passing waste, or lack of at- 
tention to maintenance. In this ex- 
perimental program the stationary 
screens were allowed to remain since 
the comminutor operated every third 
day only. With a full time solids- 
included system the need for these 
sereens would be considerably lessened. 

As noted earlier the pump reservoir 
had been increased in size since the 
original construction due to cleaning of 
the inside with a clam shell. For aver- 
age operating conditions the pump 
reservoir had a detention time of from 
2% to 3 hr instead of the recommended 
30 to 45 min (2) (3). These were 
also some 40,000 to 50,00 gal of 
waste held more-or-less permanently in 
the bottom. Naturally, this situation 
quickly led to septic conditions. Of- 
fensive odors were present, and consid- 
erable gassing at the surface was con- 
tinually in evidence. As the heavier 
solids accumulated in the bottom, an- 
aerobie digestion thrived. Decomposi- 
tion and gassing resulted in the rise of 
solids to the surface to form a floating 
mat. The mat was bound with fiber 
and caused considerable trouble with 
the stationary screening. Frequent 
scrubbing was necessary to prevent a 
large differential head between the in- 
side and outside of the screen crib. If 
left undisturbed for as little as a half 
hour the fiber sealed the sereens and 
the pumps drew water out faster than 
supplied. On a few occasions these 
conditions were allowed to progress and 
resulted in loss of prime for the pumps. 
The hydrostatic pressure also caused 
the screens to fail on several occasions 
when the head differential was consid- 
erable. As the season progressed it 
was necessary to remove the surface 
solids periodically. A diaphragm pump 
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was used to remove portions of this 
material to the nearby land. 

The adverse conditions encountered 
in the pump reservoir were valuable in 
pointing out the requirements for this 
type of system. Septic conditions must 
be prevented to assure success. To do 
this the pump reservoir should first be 
made with impervious sides and bottom 
and should be sloped toward the pump 
suction. Practical minimum capacity 
is necessary to prevent conditions re- 
sponsible for undesirable odors. A res- 
ervoir capacity for as near to 30 to 45 
min supply of plant waste as is pos- 
sible would maintain the waste in 
fresh condition. Next, the reservoir 
should be easy to empty at the end of 
the day’s operations so that flushing 
can be done if solids have accumulated 
on the sides and bottom. 

If all the solids are satisfactorily 
comminuted there should be no need 
for stationary screens. However, in 
the event that secondary screening does 
prove necessary the clogging would be 
minimized by a small solids particle 
size and absence of exzessive fiber. 

There was no evidence of damage to 
any of the pumping facilities due to 
the increased amount of solids present 
in the waste. The possibility of re- 
duced efficiencies in the centrifugal 
pumps has been considered due to the 
tendency for fiber to become entangled 
with the impellers. If this condition 
was present it was not detectable. 

As the season progressed and the 
quantities of fiber increased in the 
pump reservoir, clogging of the spray 
nozzles became more of a_ problem. 
Frequent, manual cleaning became 
necessary as the fiber formed clumps at 
the nozzle openings. It was theo- 
rized that clumping of fiber is en- 
couraged throughout the line with tur- 
bulent flow. If laminar flow were pres- 
ent the tendency should be for each 
particle of fiber to remain in its same 
relative position with respect to other 
particles. However, it would not be 
possible to maintain laminar flow with 
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the discharge rates required for this 
installation. 

Toward the end of the season, in an 
attempt to determine whether a very 
slight difference in nozzle diameter was 
critical to the clogging situation, several 
nozzles with slightly larger openings 


were tried. Six nozzles, with 11/32- by 
1/4-in. openings, and six nozzles with 
3/8- by 1/4-in. openings were substi- 
tuted for nozzles with 5/16- by 7/32-in 
openings. Evaluation of these 
showed no appreciable 


changes 
improvement. 
A satisfactory minimum nozzle opening 
remains to be determined for these con- 
ditions. 


Irrigation Field 


Table I contains a record of 
erational and analytical data. During 
the 1956 season weather conditions did 
not create especially heavy canning 
operation schedules, except for brief 
periods. Unusually heavy rainfall and 
low combined to delay 
the maturity of the peas and hamper 
harvesting operations. Rainfall 
about double the normal amount, while 
during the packing period the tempera- 
ture averaged 3 degrees below the nor- 
mal mean. Just prior to the packing 
season a week of extremely hot weather 

experienced. Thereafter, there 
were 26 days below, 9 above, and 3 
equal to the mean temperature. Rain- 
fall was well dispersed throughout the 
season, occurring on 19 of the 38 days. 

These weather conditions extended 
the operations over a greater total 
elapsed period than normal, and conse- 
quently, maximum loading conditions 
were not encountered on the irrigation 
field. 

Flow data and other analytical re- 
sults were available for only a portion 
of the season, therefore totals of several 
items of pertinent information repre- 
sent extrapolations. Those data 


the op- 


temperatures 


was 


was 


are 


appropriately noted in the table. 
Maximum measured daily waste flow 

amounted to 1,156,000 gal, while aver- 

Total waste 


age flow was 725,000 gpd. 
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flow averaged 40.5 gal per case of No 
303 equivalents. 

Calibration of the waste pump at the 
factory showed a delivery of 1,168 gpm. 
During factory operating periods the 
average waste flow was nearly 800 gpm. 
The main waste pump was float-con- 
trolled from a wet well and handled 
about 2/3 of its total capacity. 


Irrigation Field—Waste A pplicat ion 


During the season a total waste vol- 
23,200,000 gal was applied to 
This means that 


ume of 
the 122 


were 7 


acres. there 
in. of waste applied to the ir- 
rigation field during the total elapsed 
time of 45 days. Rainfall of 8.8 in. 
during that period increased the total 
water application to 15.8 in. The 56- 
day period represented by the month 
the first 26 days of July 
experienced a total rainfall of 14.9 in.. 
as compared to the normal rainfall of 
7.64 in. for June and July. 

As a check on the design area of the 
field the conservation 
4) quote peak moisture use rates for 
here to be 
This means that dur- 


of June and 


soil authorities 
the soil types encountered 
0.3 in. per day. 
ing the peak growing conditions (cor- 
responding to the pea pack 
transpiration cycle of the 


the evapo- 
cover crop, 
in addition to evaporation from soil 
around the plants, will account for a 
total of 0.3 in. of water loss from the 
soil. Assuming these conditions, the 
total water loss for the season would 
have been 13.5 in. The 7 in. of waste 
and 8.8 in. of rainfall would leave 2.3 
in. of water to be stored in the soil 
These assumptiens are based on no run- 
off during spraying and rain periods 
Considerable 
during summer storms, 
total of 15.8 in. 
what. 


encountered 
therefore the 
ean be reduced some- 
Observations of the soil condi- 
tions throughout the season substanti- 
ated these data and made it apparent 
that the area was adequate. 

In terms of unit application, the 
system as designed for 4-hr spraying 
periods in one location provided waste 


run-off is 
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application at the rate of 3/8 in. per 
hour, the total for any one period being 
1.5 in. Obviously this rate is well 
within the 1.0 in. per hour limit for 
the soils as given by soil conservation 
authorities (4). 

Another way to express the applica- 
tion rate is to state that for the entire 
season there was 0.15 in. of waste ap- 
plied per acre per day. Considering 
only the times when waste was actually 
sprayed on a given area the application 
rate was about 1 in. per acre per day. 
The average rest period between appli- 
cations amounted to about 61% days. 
Since the rule-of-thumb design (2) (3) 
calls for rest periods between waste ap- 
plications of some 6 days, average re- 
quirements were met in this instance. 
For total water load, however, rainfall 
decreased the rest periods. 


Irrigation Field—Field Effects 


It has previously been stated that 
the total season’s solids hauling opera- 
tion would handle about 600 to 800 tons 
at this factory. Since dry solids data 
are not available for this portion of the 
waste, an estimate was used for caleula- 
tion purposes. If the total wet mass 
contained 10 per cent dry solids, the 
total load to the field on a dry basis 
would be 60-80 tons, or 1,000 to 1,300 
lb per acre. 

There are several considerations rela- 
tive to the solids addition to the field. 
First, the formation of humus is an 
important factor. The addition of or- 
ganic matter to the soil tends ulti- 
mately to improve the tilth, the water 
penetration capabilities, and the nutri- 
ent availability. Lyon and Buckman 

5) state the following in regard to 
material on soil: ‘‘In 
addition, an increase in organic matter 
not only means a greater percentage 
of total nitrogen and sulfur but a 
greater activity as well. Nor is this 
activity limited to the two constitu- 
ents mentioned. The evaluation of ear- 
bon dioxide is a case in point. The 
high proportion of the soil phosphorus 


added organic 
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carried by the organic matter is also 
significant. Moreover, due to the ¢a- 
pacity of humus, both directly and indi- 
rectly, to react with the soil minerals, 
nutrients that otherwise might remain 
dormant are rendered available. Be- 
yond a doubt, the soil organic matter 
is a great mobilizer. Again, there are 
the biological influences not only in 
respect to energy supply but also as 
regards nutrients. These complex bio- 
chemical interrelations are really the 
basis of much of the influence that 
makes humus an indispensable constitu- 
ent of soils.’’ 

Since the humus factor is quite com- 
plex and since there are certain areas 
where humus is naturally abundant, a 
detailed study was not attempted. 
However, if it is assumed that meadow 
fescue will yield 1 ton per acre (6), 
then the solids loading per acre of 
1,000 to 1,300 lb in the dry state 
and 5 to 6 tons in the wet condition 
ean be compared. Much of the water 
contained in the 5 to 6 tons is quickly 
lost, leaving an amount nearer the 1 
ton taken off by the crop removal. If 
the dry weight is considered for humus 
then the amount added is less than the 
weight removed by the crop. 

If net mineral content is considered, 
a further assumption of 10 per cent of 
the dry weight as total minerals may be 
made (6 This means that there 
would be from 100 to 130 lb of min- 
erals added per acre. 

Therefore, whether on the basis of 
humus formation or mineral addition, 
no bulk problem would be anticipated 
under the conditions prevailing in these 
experiments. 

Actual observations showed a rapid 
decomposition of the solids on the field 
Toward the end of the season it was 
possible by careful observation to locate 
very small grayish, flaky bits of ma- 
terial adhering to the lower portions of 
the grass. The amount located was so 
small that no notice would have been 
taken unless a specific search were 
made. 


| 
x 
: 
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The matter of general nutrient ad- 
dition must also be considered. The 
utilization of the nutrients is complex, 
but for the purposes of simplification 
it is considered here that most of the 
reported nutrients would eventually be 
available for plant use. The nutrients 
in organic form are actually utilized 
more slowly than the inorganic forms 
but in most instances are eventually 
used. In a normal fertilization pro- 
gram leaching accounts for heavy losses 
where inorganic nutrients are used, so 
that there are definite advantages to 
the use of organic nutrients. 

Based on the few mineral analyses of 
waste samples, the following shows the 
unit amounts of nutrients added to the 
spray field during the season, both by 
the normally operated screened waste 
and by the addition of all solids in 
comminuted form. 


| 

Wt. Contrib- | 
uted per 
Acre by 
Added 


Comminuted 
lid: 


cluded Waste 
Ib) 


If a yield per acre for meadow 
fesene is assumed to be 1 ton, the fol- 
lowing weight of nutrients in pounds 
per acre may be expected to be removed 
in a season: N — 9.6, P — 2.4, K — 16.4. 

In an oversimplified manner it might 
be stated that the total nutrients con- 
tributed to a field by ‘‘solids included 
waste’’ amount to considerably more 
than is taken from the soil by a crop of 
meadow Legumes are higher 
in nutrient demand than the grasses 
and, of course, all of the reported nu- 
trients do not reach, or are not utilized, 
by the crop. Occasional run-off, leach- 
ing, nutrient tie-up in complex forms, 
and utilization by weeds, ete. accounts 
for part of the nutrient supply. In 
reality the desired soil fertility level is 
somewhat higher than that represented 


fescue. 
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by the amounts utilized by a particular 
crop. 

Nevertheless, it can be seen that the 
quantity of nutrients contributed to a 
field by spraying can be significant in 
the over-all soil fertilization programs. 
It is interesting to note that far more 
nutrients are contained in dissolved or 
suspended form in the screened waste 
than are present in the vines, pods, and 
rejected peas. 

Efforts to make separate evaluations 
of the areas receiving waste with and 
without solids were essentially negated 
by the fact that the pump reservoir 
volume permitted an extensive build-up 
of solids which were included with 
sprayed waste on all days rather than 
only on days when the comminutor op- 
erated. 

In connection with the problem of 
whether the addition of solids will tend 
to reduce the permissible waste applica- 
tion rate, there was nothing observed 
on the soil or cover crop in these tests 
which would indicate that the solids 
were a limiting factor. It is very likely 
that there may be critical concentra- 
tions of solids which would restrict ap- 
plication rates with an operation where 
much greater amounts of solids are 
handled. Under the conditions en- 
countered in this operation such limits 
were not reached. It is conceivable also 
that products other than peas might 
create greater problems. 


Irrigation Field—Crop Management 


The history of the field crop manage- 
ment as given earlier revealed that in 
1954 there was 85 per cent meadow 
fescue, 5 per cent brome, 5 per cent 
blue, and 5 per cent miscellaneous 
grasses on the farms. The distribution 
during 1956 was estimated to be es- 
sentially unchanged. The meadow fes- 
cue appeared to thrive under the exist- 
ing conditions. Growth was dense and 
rapid. Frequent cutting was neces- 
sary to maintain reasonable heights and 
to prevent matting conditions. When 
the grass grew to about 12 in., it was 


Por 
| 
| 
Wt. Contrib- Total Wt. 
uted per Contributed 
Nutrient Acre by to Field by 
itrient| Screened Solids In- 
N 12.8 7.3 20.1 ; 
P 98 4.1 13.9 
K 28.7 8.2 36.9 
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FIGURE 8.—Grass chopping operation showing chopper feeding cut grass into 
mechanically unloading unit. 


clipped to about 4 to 5 in. Clipping 
was done at about 10- to 14-day inter- 
vals. 

In connection with the grass eutting 
the canner operated a cattle feeding 
program. Approximately 130 yearling, 
white-face steers were fenced in an un- 
used corner of the property and re- 
ceived no feed other than the grass 
clippings and the pasture forage within 
the confines of the fence. Weight gain 
and general condition of the animals 
were checked at the season’s end. The 
final report by the farm management 
group has not been made available; 
however, if it is assumed that disease 
is not a factor, such a program might 
offer an economic attraction. During 
the pea pack the cattle required less 
than 1/3 of the grass produced on the 
122 acres. As a matter of interest, 
during the latter part of the corn 
season, when the growing rate de- 
ereased, nearly all of the grass was 
needed as feed. 


For the grass cutting operation a 
chopper was drawn by a tractor (Fig- 
ure 8). To make grass handling more 
convenient a mechanically unloading 
wagon was drawn behind the chopper 
By this means grass was transferred 
into feeding bunkers 

The cattle-feeding program is dis- 
cussed to demonstrate possibilities of 
making some productive use of a waste 
disposal system. 


Irrigation Field—Analytical Data 


The analytical data obtained are 
listed in Table I. The average raw 
screened waste BOD of 1,240 ppm is 
normal for such an operation. The 
BOD of waste with solids added aver- 
aged 1,680 ppm; however, this figure 
does not represent the true amount. 
Some of the organic material in the 
solid form is not reflected by the BOD 
test due to the fact that some of the 
particles will not deteriorate during the 
\-day incubation period. Therefore, 


i 
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TABLE II.—BOD/COD for Various Pea 
Waste Samples 


Raw Waste 


Screene | jas 
Raw Serec ned with: 4 Waste from ‘ 
aste Solid: | Pump Reservoir 
Solids | 
Range Mean Range Mean) Range Mean 
0.43-0.92 | 0.62 | 0.54-0.78 | 0.67 | 0.38-1.07 | 0.63 


the total BOD with solids added would 
be something in excess of 1,680 ppm. 
On the basis of the analytical results, 
the total season’s screened waste BOD 
would amount to 24,000 Ib and the 
combined waste BOD would be more 
than 32,000 Ib. 

Successful correlations between BOD 
and COD were not established, al- 
though the mean values were quite uni- 
form. Relationships between the two 


TABLE 


Solids Separation and Hauling 


Iter Cost 


Solids disp site 
Tractor or truck $3,000 
Wagon 1,000 


Complete installation for 
solids storage and loading prior 
to removal 


screen 


Separatory 


Total 


Labor 
Gasoline and maintenance 


Total 
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Comparison of Estimated Partial Costs for Solids Separation vs. Solids 
Comminution for Spray Irrigated Pea Waste 


(a) CaPrraL 


Comminutor installation 
Screeningt 
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tests were checked on the raw screened 
waste, waste combined with solids, and 
waste from the pump reservoir. The 
BOD/COD ratios are shown in Table 
II. 

Considerably lower ratios would be 
expected with the combined and pump 
reservoir samples due to the amena- 
bility of the solids particle sizes to 
higher degrees of oxidation by chemical 
means than by 
However, 


biological processes. 
the variations are the least 
in the combined waste samples, and the 
spread greatest in the pump reservoir. 
Although the lowest ratio is found in 
the pump reservoir, the highest is also 
found here. These seant data further 
suggest extreme caution in using the 
COD test for conversion to values re- 
ported as BOD. 


Comminuted Solids Included with Liquid Waste 


INVESTMENT 


Item Cost 


Total 


Power{ $ 225 
Maintenance: 
1 screen replacement 75 
1 set of blade replacements 100 
Labor 


* No dollar value is assigned to this since it can vary from a portion of company-owned land, 
at nominal! cost, to the situation where it is not possible to locate a suitable site at any reasonable 
lease or purchase cost. 

+ Estimated for smaller, coarser screen than that on test site. 
used, cost would be nominal. 
t Assuming 30 hp. 


If stationary screening were 


= 
$5,000 
4,000 
5,000 
5,000 
| $14,000 | $9,000 
(6) Operatinc Cost 
200 
7 $ 800 Total $ 500 : 
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Over-All Economic Evaluation 


Accurate cost estimates are difficult 
to make due to the many variables and 
intangible items, and as a result final 
evaluations may differ with each indi- 
vidual For in- 
stance, canner may install an 
elaborate mechanical solids handling 
and with large hoppers 
mounted above a truck loading plat- 
form, while another canner may empty 
his solids at the ground level for 
manual handling. Much variation in 
the types and value of hauling equip- 
ment is encountered. Some may haul 
by truck, while others may use wagons 
drawn by tractors. As a result, capital 
investment data on equipment are very 
rough approximations and should be 
evaluated most carefully by each can- 
ner in the light of his own experience. 

Table III shows the following is a 
partial comparison between the 
solids separation and hauling operation 
and the comminuted solids added op- 
eration, assuming that spray irrigation 
is the method used for waste disposal. 
Only the solids phase of the operation 
is included rather than the entire cost 
of spray irrigation. 

A power cost estimate is not included 
for operating the screen and screw 
conveyor since in the test installation 
both operations used these pieces of 
equipment. If a stationary or a smaller 
mechanical screen unit were used the 
cost of the solids inclusion operation 
would be further lowered. 

It must be remembered that the tabu- 
lated costs do not represent the total 
operational costs, but only those show- 
ing the difference in costs of the two 
methods of solids handling. Thus, it 
is seen that the capital investment for 
a solids comminuting operation may be 
substantially less than that of the com- 
mon separation practice and that the 
operating costs may be lower also. 

These data, then, would indicate that 
in a pea canning plant using spray 
irrigation for disposal it can be sub- 
stantially more economical to eliminate 


canner’s operation. 


one 


storage unit 


cost 
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the solids separation and separate dis- 
posal and in its place install comminu- 
tion equipment to render the solids suit- 
able for inclusion with the liquid waste. 


General Discussion 


The limited extent of these studies 
makes it impossible to issue generalized 
recommendations for use of the system 
by canners having variable sizes of op- 
erations and assortments of products. 

Products other than peas may well 
present problems that were not experi- 
enced in these tests. Solids content 
might be too high or the fiber problem 
might be worse. Odor, pH, and other 
factors might also affect the suitability 
of the method for other products. The 
machine as was not satisfactory 
for peas, due primarily to the fiber; 
however, this same machine might ac- 
complish the job with certain other 
products. Further studies are neces- 
sary before all products can be in- 
eluded. 

Perhaps small canners could not jus- 
tify the cost of the comminuting equip- 
ment. 


used 


Certainly canners who do not 


have a solids disposal problem would 


wish to ineur this added 
group 


not 
This 


expense. 
includes the ones with a 
demand for the solids by the surround- 
ing farmers. 

If a spray irrigation system is uti- 
lized under marginal conditions, 1.e., 
on land where there is questionable 
area, unusual slope conditions, poor fer- 
tility, poor cover crop, or poor manage- 
ment, operation including 
solids could not be expected. Under 
these circumstances opera- 
tion could not be expected even without 


solids. 


suceessful 
successful 


Each situation will require in- 
dividual consideration as to the advis- 
ability of ineluding all with 
sprayed liquid waste. 


solids 


Conclusions 


The test work described herein leads 
to the follewing conclusions for a pea 
canning operation comparable to that 
encountered in this study: 


oh 
_ 
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1. A system of including comminuted 
solids with liquid waste for disposal by 
spray irrigation is feasible if certain 
mechanical problems can be overcome. 

2. Costs of such a system are sub- 
stantially lower than the customary 
solids separation and separate disposal 
operation. 

3. Under the conditions encountered 
during these tests: 


a) There was no evidence of a 
noticeable deleterious accumula- 
tion of pea solids on the land. 

(b) There was no effect on the per- 
missible application rate; how- 

limiting 


ever, conditions were 
not approached. 
Nutritional effects contributed 


both by the basic nutrients and 
by humus formation can be sub- 
stantial. 


4. Improvements are necessary in the 
comminuting machine to provide proper 
disintegration, since mechanical prob- 
lems in regard to the breakdown of fiber 
and its related effects in the spray sys- 


tem were encountered. 
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5. Field pumping facilities must be 
carefully designed and controlled to 
prevent accumulation of solids with re- 
sulting septic conditions. 

6. Further work is necessary to ob- 
tain satisfactory fiber and particle size 
as well as to insure suitable field pump- 
ing conditions. 

7. Before any general recommenda- 
tions can be made a thorough appraisal 
of each waste disposal operation is 
necessary to determine the suitability 
of this system. In this connection fur- 
ther studies are necessary with other 
products, including other variable con- 
ditions. 
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Stream Pollution 


LEGAL ASPECTS OF STREAM POLLUTION * 


By Caru E. 
Legal Department, E. I. du Pont de 


Blackstone is reported to have said: 
‘‘The law, like the River Thames, is 
always there; but its component parts 
are ever changing.’’ 

That this analogy is true is fortu- 
nate; nothing could be worse than to 
have man’s his needs, and 
the economic factors that control his 
life bound by rigid inflexible rules of 
law. It well said that law 
was made for man, not man for law; 
and the mandate of adapting the appli- 
cable legal principles to changing con- 
ditions is a happy one. 

In the field of water rights and obli- 
gations that adaptability of the law is 
now being met and it is predicted that 
within the next 25 years much of the 
earlier concept of law will be discarded 
for more workable legal theories. This 
is a necessary concession to the scramble 
for usable waters and the need for dis- 
posal of wastes and sewage accentuated 
by the vast industrial and urban growth 
of the country. 

It has been said many times that of 
the natural resources water has become 
the number one concern of the nation. 
In more and more areas the steadily in- 
creasing demands for water are exceed- 
ing the available supplies. In the past 
year more than 1,000 cities experienced 
domestic water shortages. 


destinies, 


has been 


Many indus- 
tries are finding it increasingly difficult 
to secure suitable water to 
production. 


maintain 


* Presented at 43rd Annual Meeting of the 
New Jersey Sewage and Industrial Wastes 
Assn.; Atlantic City, N. J.; Mar. 12-14, 1958. 


GEUTHER 


Nemours § Co., Wilmington, Del. 


It has also been said that water de- 
ficiencies can be met in part by im- 
poundments to even out stream flows, 
but by and large the solution will be 
conservation of water quality through 
abatement of water pollution. It is be- 
coming extremely important to purify 
used water from cities and industries 
to the extent needed to permit repeated 
reuse as the streams flow from city to 
city and from industry to industry. 

It is proposed in this paper to limit 
the discussion of water pollution abate- 
ment to a brief review of 
comitants of pollution 
gation, and the law. 


those con- 


legislation, liti- 


Background 


Impelled during recent years by the 
growth of industry and the concentra- 
tion of population in cities, state legis- 
latures and the Federal Government 
have given more and more attention to 
legislation to curb pollution in both air 
and water. In 1953, 76 bills involving 
water pollution were introduced in the 
various state legislatures. In 1954 it 
was 42 water bills; in 1955 it was 119 
water pollution bills; and in 1956, 32 
water pollution bills were considered. 
What is the fundamental common law 
upon which this activity is superim- 
posed ? 

If the problems of the municipality 
and its need for drinking water and 
sewage disposal are bypassed and com- 
ment on the prior appropriation theory 
of the arid West is withheld for the 
moment, the primary consideration be- 
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comes the riparian owner, one whose 
land borders on a stream. The law as 
to the respective rights and obligations 
of such a riparian owner is not new and 
comes to the present much as it was in 
the early 19th century when it de- 
veloped under conditions peculiar to 
that time. 


Nature of Riparian Right 


If navigable tidal streams (and these 
are the main sources of water) are con- 
sidered, the rights of a riparian owner 
are spelled out literally in thousands 
of cases. They are: 

1. The right to be and remain a 
riparian owner and to enjoy the ad- 
vantages thereby conferred on the land 
by its adjacency to the water. 

2. The right of accession to the wa- 
ter, including a right of way to and 
from the navigable part. 

3. The right to build a pier or wharf 
out to the navigable waters subject to 
any regulation of the state. 

4. The right to aceretions or allu- 
vium. 

5. The right to make a reasonable 
use of the water as it flows past or laves 
the land. 


Reasonable Use 


The last right is the polestar here 
under consideration. The river bank 
owners, designated among each other as 
upper or lower riparian owners, de- 
pendent on their respective positions 
upstream or downstream from each 
other, have always had some right of 
use of the waters. These rights have 
changed perceptibly with the times and 
further changes are clearly indicated. 
During the formative years of the coun- 
try’s growth a doctrine known as the 
Natural Flow Doctrine entitled each 
owner to have the stream flow by his 
property in its natural flow, thus limit- 
ing all upper riparian owners to do- 
mestie uses, as anything else would im- 
pede the natural flow. 

This has given way to the Reasonable 
Use Doctrine, whereby each owner 
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may make reasonable use of the waters, 
a concession to industrial needs. Using 
this principle today a riparian owner, 
although he does not have any owner- 
ship in the waters themselves, which 
are held in trust for all users by the 
state, nevertheless enjoys an increase in 
the value of his land, which attaches 
by virtue of the fact that water runs 
along or through it. Today the natural 
flow theory, although still mentioned 
in some of the cases, has given way to 
this right of the upper proprietor to 
make a reasonable use of the water, and 
whether a use which affects the purity 
of the water is reasonable in a particu- 
lar case is a question of fact to be de- 
termined by a consideration of the char- 
acter of the stream and its ordinary 
use, the extent of the pollution, its 
necessity for the purpose of making 
beneficial use of the water, and the re- 
sulting damage to lower proprietors. 

The nature and extent of pollution 
that would permit legal intervention is 
not always easy to determine. All run- 
ning streams are, in a sense, polluted 
and the very term must be understood 
in a comparative sense. No owner does 
receive nor can he reasonably be ex- 
pected to receive the water in a state 
of entire purity. Any use, however, 
that materially fouls and adulterates 
the water so as to impair its value for 
the ordinary purpose of life will be 
deemed a violation of the rights of a 
lower riparian owner. 


Navigable vs. Non-Navigable 


The rights of an owner on a navi- 
gable stream have been mentioned here- 
tofore as opposed to those on non- 
navigable waters. In the former the 
owner owns only to the low-water mark 
and has no ownership in the water 
itself. That is owned by the state in 
its sovereign capacity and is held by 
it as trustee for the public, to permit 
navigation and, heretofore, the removal 
of urban sewage. The riparian owner 
had merely a usufructuary interest in 
that water, a right to use it reasonably. 


bs 
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As to non-navigable streams, the 
riparian owner owns the bed of the 
stream and shares the ownership of the 
water as it passes his land. 
the ownership is more absolute in this 
type of case, claims for damage or suits 
for injunction are more successful than 
with respect to navigable streams— 
where the right to pollute has, hereto- 
fore, been largely conceded—as a neces- 
sity for carrying to the cleansing action 
of the high seas the garbage and filth 
of cities. 


Because 


Trend in the East 


For many years people in the East 
have had an abundance of water and 
have been profligate. The 17 Western 
States have faced the problem of short- 
ages for a long time and have achieved 
the best answers through the prior ap- 
propriation doctrine, which grew up by 
custom, and by which the first user gets 
priority over later users. By this 
means they avoid the uncertainties of 
the riparian doctrine, as they always 
know how much water is left after the 
users who are prior in point of time 
It seems evident that the 
East is going to ultimately reach some 
phase of that doctrine, and water 
rights ultimately will be based on a 
dole system by which some state or 
authorized private agency will parcel 
out the water rights in its particular 
watershed. 

Having grown up under the riparian 
rights theory the author recognizes this 
inevitability reluctantly, but it is evi- 
dent that the riparian right of reason- 
able use is breaking down in the East 
through greater consumptive demand 
for water. 


are satisfied. 


Nature of the Remedy 


The nature of the remedy (that is, 
the type of legal action maintainable 
by the injured party) can take different 
forms, as follows: 


1. It can be a suit for damages. 
2. It can be a bill for injunction to 
prohibit further pollution. 
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3. It can be a criminal prosecution 
for a misdemeanor. 


Legal Action 


If the pollution creates a public 
nuisance the Attorney General is the 
proper party to bring an action and 
can proceed to enjoin on behalf of the 
state. The State Department of Health 
is the final enforcement agency. 

However, it should be mentioned that 
in some states the game wardens have 
a considerable amount of power and 
supervision over pollution. They are 
officials of the law and can make arrests 
just as any other member of the police 
force. They can arrest a pollution 
violator and take him before a magis- 
trate. 


Injunctions 


Because the trespass resulting from 
pollution of the stream is in most cases 
by its very nature a continuing one, the 
only remedy of any long-range value 
is an injunction. In order to entitle a 
riparian injunctive relief, 
however, he must show not only that 
the defendant makes an 
unreasonable use of the stream waters, 
but he also must establish the further 
facts which entitle him to such relief 
under the general equitable principles 
applicable to injunctions. To most 
people concerned with the operation of 
an industry ‘‘injunction’’ is a word 
that send cold chills down the spine. 
Obviously, it can spell sudden death for 
a vast manufacturing enterprise and, 


owner to 


threatens or 


accordingly, if damages can be ade- 
quately compensated by a money award 
an injunction will not be granted. 

In the past the trend was toward 
such granting, since to merely assess 
the repeat offender with an award of 
damages had the practical effect of 
him the power of eminent 
the power to take the prop- 
hitherto reserved for 
However, a change in this 
predicted, as modern ¢ivi- 
that certain minor 


cranting 
domain 
erty of 
the state. 
trend is 
lization 


others 


demands 
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property rights must give way to prog- 
ress in the form of vital industrializa- 
tion. 

In fact. a review of the law in 32 
states reveals that 14 of them—almost 


one-half—have adopted the compara- 
tive injury doctrine and will refuse an 
injunction where the injury to the of- 
fender by injunction is much greater 
than the damage to the plaintiff by the 
pollution. This doctrine is sometimes 
‘alled balancing of convenience or pub- 
lic interest doctrine; an apt illustration 
is the situation in Pennsylvania, where 
the coal mining industries were sued 
for injunctive relief and it appeared 
that the result would be the closing 
down of an important industry. The 
Court there noted that the miners had 
to locate where the coal is situated and 
the possibility that to award damages 
for polluting the stream would result 
in the closing down of the industry was 
too substantial and an injunction was 
denied. 

However, where the threatened or 
actual pollution has amounted to a pub- 
lie nuisance as opposed to a private 
nuisance, the public interest factor or 
balancing of conveniences has carried 
very little weight. Behind the concept 
of the common law which has been here- 
tofore discussed, it should be noted that 
it is no defense to one polluter who 
finds himself in court to argue that 
others also are polluting. This has 
been held to be no defense whatsoever. 


Discussion 


Before leaving the subject of dam- 
ages and or suits for injunction, it is 
well to that of which all are 
basically aware, but which is sometimes 
lost sight of. That is the fact that a 
plaintiff who is aggrieved by pollution 
need not be a riparian owner, so that 
the subject of the consequences of pollu- 
tion go far beyond the banks of the 
river. 

To complete the current picture there 
must be added to the common law three 
types of activity that have become tre- 


note 
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mendously important in the modern- 
day concept. They are: 


1. Statutes that impose liability for 
violations that tend towards pollution 
of streams. 

2. Interstate compacts (Incodel and 
the Tri-State Sanitary Commission are 
examples 

3. Federal legislation and activity in 
the field of water pollution abatement, 
as exemplified by Public Law 660 
passed by the 84th Congress, which is 
the ultimate result of Senate Bill 890. 


Statutes 


Of the statutes that are applicable 
in the State of New Jersey, for ex- 
ample, some have been on the books for 
many years. In general, they prohibit 
the deposit of explosive or poisonous 
substances in the waters of the state, 
and with particular reference to the 
Delaware River. They prohibit the 
dumping of polluted materials above 
the source of municipal supplies. They 
prohibit the deposit of sludge in the 
rivers of the state. In addition, there 
are specific statutes creating sewerage 
commissions for the Passaic and the 
Hackensack Rivers, which are under 
the exclusive control of the respective 
commissions. The prohibition found in 
the Act creating the Passaic River Sew- 
age Commission is rather broad and 
recites: ‘‘No sewage (waste matter) 
article or substance, liquid or solid, of 
any kind which creates odors, gases or 
fumes due to the putrefaction of or- 
ganic matter or the presence of chemi- 
eals or which results in the presence 
of oil or grease on the surface of the 
waters of the Passaic River or its trib- 
utaries shall be deposited.’’ 

Although these statutes are of some 
help in combating pollution, they have 
not served as a very successful answer. 
Prosecutions under them have been few 
and far between and normally result 
in simply a conviction on the basis of a 
misdemeanor which results in a fine 
being levied. 


: 
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Interstate Compacts 


Pollution, whether it be of water or 
no respecter of state lines and 
there is the problem of pollution that 
may occur or arise in one state becom- 
ing a factor of annoyance and even 
nuisance in another state. Along these 
much attention has been 
within the last generation to the crea- 
tion of interstate compacts between the 
states that may surround a particular 
watercourse so that regulation can be 
had in each of the signators toward the 
end of abating pollution. This has been 
given the stamp of approval by Con- 
and brief reference is made to 
two of the outstanding ones. 


air, is 


riven 


1; 
Lines, 


eTess 


Interstate Sanitation Commission 


the Interstate Sanitation Com- 
mission comes into the review scope. 
In 1935 Congress approved an inter- 
state compact between New Jersey, New 
York, and Connecticut for the purpose 
of abating existing water pollution and 
controlling future pollution in waters 
New York Harbor and the 
boundaries of the three states. Pur- 
suant to this compact the three states 

up the Interstate Sanitation Com- 

i whereby the 


First, 


around 


waters were di- 
into Class A and Class B, Class 

‘ing that in which recreational ac- 
vities and shellfish abound, and Class 
B where these factors are not present. 
Certain standards were set forth for 
both and each state 
agreed to prohibit the pollution of the 


waters 


types ot waters 


Pollution was defined as any foreign 
matter which renders the waters unfit 
to sustain fish life or unsatisfactory for 

Injunctive relief could be had 
and hearings could also be held whereby 
orders would be issued against the of- 
fenders. 

This Act from 
to time after its original adoption by 
New Jersey and the Laws of 1935, 
Chapter 321. 
ment to it 


amended time 


was 


The more recent amend- 
was an effort to extend its 
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control to air pollution, which again 
was no respecter of state lines 


INCODEL 


The idea of the Interstate Commis- 
sion on the Delaware River Basin was 
born in 1936 because three of the area 
states—New York, New Jersey, and 
Pennsylvania—had been squabbling 
bitterly over which was entitled to the 
lion’s share of the river waters. It 
eame to life shortly after New York, 
New and had 
fought a two-year battle as to whether 
New York had the right to withdraw 
some 600 mgd from the upper reaches 
of the Delaware River as it 
through that state. 

With that problem solved by Su- 
preme Court decision, it was recognized 
that some sensible approach had to be 
taken toward the utilization and ra- 
tioning of the As Supreme 
Court Justice Holmes said in his classic 
contribution to the literature of the 
law: ‘‘A river is more than an amenity, 
it is a treasure. 


Jersey, Pennsylvania 


passed 


waters. 


It offers a necessity of 


life that must be rationed among those 


who have The different 
practices in different 
country may lead to vary- 
ig results, but the effort 
to secure an equitable apportionment 
without quibbling over formulas.’’ 
After a number of years INCO 
DEL’s efforts culminated in 1949 by 
the adoption of legislation by the vari- 
ous member states, charging INCODEL 
with the responsibility of conducting 


power over it. 
and 
parts of the 


traditions 


always is 


such surveys as would be necessary to 
determine the feasibility and advisabil- 
ity of the construction of an 
integrated project within the 
Delaware River Basin above Trenton 
for the mutual use and benefit of the 
basin states. Delaware has also joined 
INCODEL and the river has been di- 
vided into various regions, with differ- 
ent standards of purity being appli- 


future 


water 


eable to the various sections or sectors 
with, of course, the greater pollution 
being permissible as it nears the sea 
in its course. 
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Federal Legislation 


When the United States Congress 
adopted Public Law 660, which is the 
final draft of Senate Bill 890, many 
were bitterly opposed to the advent of 
the Federal Government in water pol- 
lution abatement activities. However, 
the opposition was not suecessful and 
the first bill passed was the Water Pol- 
lution Control Act of 1948. Public 
Law 660 was merely an amendment 
and extension of that law by which 
further powers were given to the De- 
partment of Health, Education and 
Welfare. By the amendment of 8S 890 
or Public Law 660), the United States 
was empowered to take certain action 
on the request of any state that felt 
aggrieved by the activities of another 
state. This deleted from the original 
act the requirement that the offending 
state must also request that such action 
be taken. 

There has been considerable feeling 
that the Federal Government should 
have no part in the regulation of pollu- 
tion in the various watercourses. De- 
spite the fact that there is an interstate 
characteristic involved, the thought has 
been that the various states, either 
through interstate compacts or by their 
own actions and legislation, are en- 
tirely capable of controlling these prob- 
lems, and that the matter of states’ 
rights is vitally concerned. States’ 
rights may sound like a wornout theme, 
but actually it is the right of local 
industries to be governed and stand- 
ardized by local citizenry rather than 
to have a Congressman from, say, an 
entirely different area or a health de- 
partment official from a distant state 
passing on what is good for a specific, 
localized area. 


Results 


The end results of this type of ac- 
tivity, which has been superimposed on 
the common law rights, are as follows: 


1. They have set certain limits on the 
permissible pollution. 
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2. Because the violation of regula- 
tions or statutes constitutes negligence 
per se, the advent of the statutes and 
compacts has simplified the quantum of 
proof necessary for the successful pros- 
ecution of lawsuits. 

3. Their advent has paved the way 
for more frequent action by state of- 
ficials or Commission officials in the na- 
ture of a collective or publie suit for 
the abatement of nuisances. 


Conclusions 


As the company lawyer looks at the 
problem, facets other than the strictly 
legal ones fall into sharper and sharper 
outline. It is entirely appropriate that 
the lawyer—and, in fact, everyone rep- 
resenting industry directly or indi- 
rectly—consider as basic and funda- 
mental the following: 


1. The laws, both common and 
statute. 
2. The public relations aspect of 


being a good neighbor and an integral 
part of communal affairs. 

3. The economy of usage, to insure 
that an adequate supply of usable wa- 
ter is available for all industry and the 
public, in spite of unheralded expan- 
s810n. 


To conclude, policy consideration on 
purely legal premises invites misjudg- 
ment and is an approach to be frowned 
upon. The limit of what the existing 
law allows in degrees of pollution is no 
longer the sound test for industry, 
which has both a public relations and a 
self-preservation stake in its activities. 

The various legal doctrines—Natural 
Flow, Reasonable User, Comparative 
Injury, and the like—all must be re- 
modeled on a mid-20th century scale 
so that mankind can live with the law. 
It is impossible to continue under a 
system that today may place an in- 
vestment of many millions of dollars 
at the mercy of the activities of an 
upper riparian owner; but in reverse 
fashion neither should the upper- 
stream owners be hamstrung in order 


= < - 
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to give special consideration to the one 
at the mouth of the river where it meets 
the sea. Happenstance of location 
should never become the deciding eco- 
of water, a 
Happenstance of 


factor in the use 
common heritage. 
priority has many fallacies, 
future merely be- 
cause, as individuals or corporations, 
they were ‘‘born too late.’’ Neverthe- 
less, it at least approaches a certainty 
as to the amounts involved and will 
prevent over-expansion of a watershed 
with possible ultimate ruin to all users. 

The threshold of a new era is evident 


nomic 


such as 


foreclosing users 


in many fields, but none is so vital yet 
so commonplace as that of water rights. 
The laws must and will be molded to 
achieve a satisfactory balance of inter- 
est, individual against individual, pub- 
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lie against individual, and in the gen- 
eral over-all public interest. 
no greater factor bearing on the satis- 


There is 


factory solution of these problems or 
the proper molding for the future than 
intelligent cooperation on the part of 
industry, regions, and even 
countries, which also can be selfish and 
greedy this valuable 

restricted to 
county-wide, 


states, 


as to the use of 
Avarice is not 
individuals; it 
state-wide, or 


resource 
can be 
even international in 
Problems of this either 
local, national, or international, cannot 
be satisfactorily solved by a lawsuit or 
guns, yet have fought for 
And even the courtroom, with its 
narrow litigation be- 
tween two, or at best a few parties, is 


scope. kind, 


wars been 
less. 


perspective of 


not the place for solution. 
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THE OPERATOR’S CORNER 


AN OPERATOR VIEWS PLANT OPERATION 
AND DESIGN * 


By 


Superintendent of Sewage 


WILLIAM 


Any discussion of sewage treatment 
plant operation and design from an 
operator’s viewpoint is rather difficult. 
Each type of plant, each phase of op- 
eration, and each design 
number of different points to be con- 
sidered and studied. The relative 
values and importance of each must 
be carefully weighed and evaluated. 

Discussions of either operation or 
design should be approached with a 
free mind. Personal 
preferences or prejudices as to a par- 
ticular process and type of design or 


possesses a 


unbiased 


7} 
ana 


equipment must not color one’s think- 
ing. This is perhaps the most difficult 
to be overcome in a perfect 


diseussion 


obstacle 


This paper proposes to discuss those 
factors which adversely affect or in- 
fluence efficient plant operation. The 
operator might consider whether any 
of the following apply when comments 
on plant operation are heard: 

1. The 


operator 


problems confronting the 
are the result of his own 
inaptness, procrastination, poor plan- 
general laziness, lack of 
adequate records. Perhaps he misun- 
derstands or fails to comprehend the 
actions, reactions, and 


ning, or 


pre CeSSeS, 


* Presented at the 1957 Annual Meeting, 
Paciie Northwest Sewage and Industrial 
Wastes Seattle, Wash.; Oct. 24-26, 


1957. 


Assn.; 


A. NEWELL 
Treatment, E 


capabilities of the various pieces of 
equipment under his control. 

2. A careful analysis and study was 
not made of the factors influencing 
the character and quantity of the sew- 
age before it reached the plant. 

3. The operator has already made 
up his mind and blinded himself to a 
true picture of the factors involved. 

4. Personal feelings, petty bickering, 
or animosity have been permitted to 
influence the operational procedures. 

5. Consideration has not been given 
by the operator to contiguous factors 
which may have had an important 
bearing on the selection of a particu- 
lar design or method. 


In other words, is the operator try- 
ing to ‘‘pass the buck ?’’ 


Group Potential 


Many operators when gathered in a 
group derive a certain enjoyment from 
a discussion of problems arising from 
and related to sewage treatment. This 
feeling may evolve from a desire to 
help the other operators or to gain 
their respect from supposed knowledge. 
Whatever the individual purpose, 
whenever a group of operators gets 
together, there is assembled at the 
same time a great potential of useful 
and practical information in the form 
of observations, records, suggestions, 
and even gripes and complaints. 
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Whether 


on fact or 


these suggestions are based 
and even if 
they are somewhat limited in extent, 


when they are properly evaluated they 


observation, 


can do much toward obtaining proper 
design and operation. 

A comparison might be drawn be- 
tween for an 
operator’s discussion and a large ele- 
vated water tank. Due to its elevation 


operators assembled 


this large quantity of water possesses 
considerable potential energy. As long 
as the the tank, it 
retains its potential energy, but it is 
not doing any good. If the water re- 
the tank, and a small leak 
develops, than each escaping drop of 
water will dissipate a small amount 
of potential energy as kinetic energy. 
Although the loss due to each drop is 
small, over a period of time a great 


water remains in 


mains in 


deal of potential energy is lost. If 
i out the 
and directed to some useful 
purpose, its will not be 
lost. 

Similarly, the operators’ discussion 


instead of leakin 
control 


kine 


water is 
value dissi- 


pated or 


groups are potential reservoirs of in- 
formation However, 


discussions among operators alone do 


and usefulness. 
not accomplish much change nor im- 
prove conditions. 

The which operators 
possess has a great potential. Some- 
how, it must be collected, authenti- 
evaluated, and assembled in 
such form that it ean be presented to 
those who ean utilize it. Concerted 
group effort is likened to controlled 
water; it can do useful work. 
and bickerings are like drops leaking 
away. 


knowledge 


cated, 


Gripes 


Basic Operator Elements 


Much of the operation and mainte- 
nance around a treatment plant will 
depend on the facilities and tools 
which the operator makes for himself. 
True, many plants have con- 
structed and turned over to the opera- 
tor with considerably less than the 
bare essentials in the way of facilities 


been 
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and tools. But an enterprising opera- 
tor can construct some of the equip- 
ment needed for the basic elements of 
plant control. 

Plant for equipment, con- 
trol checks, logs, diaries, weather, flow, 


records 


and other data must be meticulously 


Part-time records 
half-truths 
misleading 
that 
problems both inside and 
plant. 


maintained. are in 


a sense and ean be 


very 


Experience has shown 


food 


records can eliminate many 
outside the 
The study and reading of mainte 
nance manuals pertaining to the equip 
ment need not be dull. Neither should 
it be felt that this reading is time 
stolen from the employer.’ A good 
knowledge of the equipment ean actu- 
ally money. 
problems reported 
should be 
mind. It must be that 
all of the facts need to be at hand in 
order to properly judge the answer 
Local local fa- 
cilities usually vary appreciably. 


save Solutions to similar 
fferent 


with an 


by di opera 


tors viewed open 


remembered 


conditions as well as 

Every operator at some time or other 
has discouraged realizes 
that it be an accumulative nega- 
tive condition. 


become and 
can 
It is easy to develop 
the the use attitude,’’ es- 
pecially after budget time, and 
very difficult to discard it. However, 
a little optimism will often illuminate 
the gloom and bring to light a solution 
to the problems at hand. 

Local politics can often interfere 
with good plant operation. A plant is 
like anything else; it is impossible to 
The operator should 
avoid as much as possible the feeling 
of antagonism toward those to whom 
he is responsible. Sometimes their de- 
influenced by important 
factors that the operator is not aware 
of. 


‘“what’s 
just 


please everyone. 


e1sions are 


Operation and Operators 
One of the most helpful ways in 
which the designer can help plant op- 
eration is to eliminate the part-time 


Ae 
Me 
> 
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man and the man-and-a-half operation. 
Many treatment plants are inade- 
quately operated and maintained be- 
cause insufficient time is allowed to 
operate properly. The authorities have 
been assured that a half day is all 
the time required. Also, it is not diffi- 
cult to see that on a man-and-a-half 
basis, getting the half a man when 
needed is usually out of the question. 
More thought and consideration should 
be given to the operation of one-man 
plants with respect to the times the 
regular operator is on vacation or sick 
leave (assuming he receives these bene- 
fits). Just anyone cannot step in and 
run a plant. Whatever the engineer 
recommends is usually adopted by the 
group responsible for setting the num- 
ber of operators and once this is estab- 
lished it is difficult to change. 

There seems to be some hesitancy on 
the part of the engineer to suggest that 
an operator needs to be a dependable 
person of considerable ability and 
versatility. Somehow, the impression 
has been developed that ‘‘not much is 
required, so why pay for more.’’ The 
engineer by recommendation and suit- 
able information can aid in combating 
this handicap which the operator must 
overcome by exemplary service 
and operation. 


now 


Tools and Facilities 


The engineer can make known to 
the official directly associated with the 
project that adequate tools, equip- 
ment, and services will be necessary 
to efficiently operate the treatment 
units. The commonly used tools and 
equipment must be readily available 
at the plant site. As treatment plants 
become equipped with more electrical 
controls, the necessity for more special 
tools and equipment will increase. In 
addition, it will be necessary to hire 
capable, efficient, and well-trained me- 
chanical help to maintain these con- 
trols. 

One often wonders how often the 
engineers study the need for proper 
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tools and equipment in a new plant. 
It is not likely that a person would 
object to the spending of $30, or 1 
per cent of the initial cost of a $3,000 
automobile, if this investment would 
aid in increasing the life of the car 
or reduce the operating expense. Yet 
there is resistance and objection to 
the expenditure of even 1 of 1 per 
cent of the initial cost of a treatment 
plant for the procurement of proper 
tools and equipment. The deprecia- 
tion of these tools and equipment will 
extend over a period of 5 to 20 years, 
thus the annual cost is relatively small. 
If proper maintenance can be obtained 
by having the proper tool available, the 
final cost is small. 

Often operators are heard to re- 
mark that a particular job would not 
be so much work if it did not take so 
long to get ready to do. At other 
times they wonder why the engineer 
did not put in a hose bib nearer the 
clarifier or run the pavement a few 
feet farther. What might ordinarily 
be a few moments work once or twice 
a day is often put off indefinitely be- 
eause of the excessive work involved 
in just getting ready or cleaning up. 

What is the reason for these seem- 
ingly minor but important omissions 
or deficiencies in design of facilities 
and equipment? Sometimes the de- 
signer will feel that this or that fa- 
cility will be installed at some later 
date. Occasionally the designer seems 
to be of the opinion that operator 
labor is relatively cheap. This might 
be so; but such is not necessarily the 
ease when it somes to maintenance. 
Quite possibly the designer will leave 
the lesser design problems to subordi- 
nates who, along with the designer, 
may be ignorant of the problems in- 
curred because of the lack of adequate 
facilities. It should be remembered 
that any operation which takes ex- 
cessive time and labor is in the long 
run expensive since work quality 
along with proper machinery and 
maintenance will suffer. 


equipment 


LOGO 


[t is much easier to coil up 150 ft of 
l-in. rubber hose mentally or on paper 
than it is in actual practice. 


Cleanliness 


Most operators will readily agree 
that the fundamental maintenance 
problem around any plant is cleaning 
and washing. Cleanliness is an almost 
endless job and one upon which the 
whole process and condition of a plant 
depends. 


Wash 


The major tool in this process is 
the wash hose and water. The avail- 
ability of the water is the important 
question, not whether it is hard or 
soft, sterile or contaminated. The an- 
swer can be summed up as quantity, 
head, and location. The following can 
be considered minimum requirements 
for a good wash-water supply: 


Water 


1. The wash and irrigation system 
should gpm at 75 psi at 
the pump (except perhaps for a small 
Imhoff tank). Large plants may need 
more than 50 gpm. 

2. The distribution system should 
have adequately sized service lines to 


furnish 50 


keep the friction loss to a minimum. 
3. Washdown should be at 
least heavy duty, 1 in. in diameter. 
4. Hose bibs should be spaced so 
that not more than 50 ft of hose would 
be required to overlap hoses at two 
adjacent bibs. 


hoses 


A recent questionnaire revealed that 
most plants are deficient in one or all 
of the important factors which make 
for a good wash-water supply. 

A large percentage of the replies 
indicated that city water service and 
garden hoses were used for washdown. 
Small-sized regardless of the 
supplied, are 
worthless for cleaning an area of any 
size. 


hoses, 
pressure absolutely 
The use of city water sometimes 
places a limit on the amount of water 
that is used. Manipulating long 
lengths of 1-in. hose can be most en- 
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ervating and aggravating, and there 
are the increased pressure losses and 
wear on the hose. 

consideration is 
given to the source, water can be sup- 


Usually if proper 
plied relatively cheaply. The increased 
efficiency resulting from adequate quan- 
tity, head, and location of water will 
quickly compensate for the cost and 
operation of a larger pump. Often 
a designer will plan on a drilled well 
with limited supply when a creek or 
river is within a distance 
and has a water that is more than 
satisfactory for wash water. 


reasonable 


Drains 


Assuming that the plant has been 
provided with an adequate supply of 
water, there the question: 
‘*Where will the water drain?’’ Usu- 
ally the designer will locate an ade- 
quate number of floor drains, but he 
will often specify a limit on the total 
slope of the floor. He may ignore the 
fact that there may be a considerable 
distance from the wall to the drain. 
This frequently results in a nearly flat 
floor with numerous pockets. Further, 
the cement finisher will often 
out around the drain and inadvertently 
form a slight ridge just around the 
basin. Nothing is more exasperating 


arises 


scoop 


than to try to sweep, push, or squeegee 
water uphill toward a drain. 

Personal experience indicates that a 
floor with considerable slope, 
though it may be wet frequently, is 
not nearly as dangerous or hazardous 
as a nearly flat floor that traps puddles, 
grime, grease, and slime. Odors in- 
variably accompany a dirty floor. The 
probable location of machinery founda- 
tions and columns should be earefully 
considered when floor drains are lo- 


cated. 


even 


Sludge Lines and Piping 


Medium and large plants with com- 
bined sewers and a heavy industrial 
load experience considerable trouble 
with grease deposits on both the suc- 


> 
: 
a 
is 


tion and discharge sides of the sludge 
lines. This condition has been re- 
ferred to in the literature of 20 years 
The problems arising from this 
condition are cumulative. 

In most plants only one raw sludge 
line is available. Where the distance 
between units is great the condition 
becomes quite critical, A plant de- 
signed with 100 per cent standby 
sludge-pumping capacity usually is de- 
signed with a single raw sludge line 
that becomes clogged readily, thereby 
cancelling the value of the standby 
facility. Although the sludge line 
operates under pressure, 
when a stoppage occurs the line must 
be cleaned by gravity methods. Many 
the of Dresser or similar 
couplings at various locations will off- 
set the cost of dismantling the line for 
cleaning the first time it becomes 
clogged. In one instance, the time 
required to dismantle a section of pipe 
for cleaning was reduced from one- 
half day to one-half hour by the use 
of a Dresser coupling. 

Buried lines and conduits often give 
an operator considerable trouble, es- 
pecially after a few years of service. 
Thought should be given to whether 
or not it is necessary to bury piping 
deeply, and how to eliminate many 
of the bends. Perhaps a cost analy- 
sis (at least on the large plants) would 
indicate the feasibility of a utility 
tunnel. 

Supernatant drawoff is an important 
plant operation ; however, many plants 
have very little control on the rate at 
which it can be withdrawn. Also, ex- 
perience has shown that the 1-in. sam- 
pling values usually furnished on 
sludge pumps are inadequate, and in- 
variably get clogged. 

Many plants have clarifiers that ean 
be easily drained at any time of year 
without danger of the water table. 
On the other hand, there are some 


ago. 


normally 


times COst 


plants in which dewatering the basins 
is a costly and time consuming opera- 
This results in the deferring of 


tion. 


OPERATOR’S VIEWS 


1061 


an inspection that could result in 
money-saving corrections. Annual in- 
spections of clarifier equipment are 
often not enough. The provision of a 
suitable dewatering pump with ade- 
quate capacity is frequently neglected. 


Miscellaneous 


Elapsed time meters are not the toy 
believe. Good main- 
tenance practice can be employed when 
such meters are installed on major 
pieces of equipment. It is surprising 
how quickly the hours and days add up 
between maintenance jobs. 

A large number of useful control 
checks can be run with a minimum of 


some designers 


equipment. Any well-operated plant 
must run control tests. The equip- 
ment and basic instruction must be 


provided. 

An important responsibility of the de- 
signer is the promotion of elementary 
safety. Equipment such as safety 
belts, rubber gloves, rubber mats, flash- 
lights, insulated pliers, fuze pullers, 
rubber boots, ete., should be provided 
in the original contract for the plant. 

During construction the engineer 
and the inspector can help the future 
operator by saving all the papers, cir- 
culars, and bulletins that come with 
the equipment installed in the plant. 
These papers often contain much use- 
ful information. The value may not 
be immediately apparent, but if the 
papers are filed carefully, they may 
be invaluable at a later date. 

The use of aluminum or galvanized 
railings or metal work no doubt would 
reduce the painting costs around the 
average plant. The savings in ma- 
terial and labor might equal the addi- 
tional capital cost over a period of a 
few years. 

It is very irritating to the operator 
to have the manufacturer or his rep- 
resentative tell him that the equipment 
giving trouble is a competitive item 
and a piece costing a few dollars more 
would have prevented or avoided 


Vol. 30, No. 8 


1062 SEWAGE AND 
much of the trouble. The engineer is 
responsible for the equipment selected 
to do the intended job satisfactorily. 
The units should be well designed and 
constructed, and tested. 
should be 
able. 


Plants which use large amounts of 


Specifications 
complete and understand 


chlorine ¢an save considerable money 


by ordering in 15-ton loads. The price 
of an adequate hoist and rail can be 
repaid in one or two years through 
a more economical purchase of ehlo 
rine. 

Facilities for the storage of clothes, 
equipment, supplies are either 
lacking or very poor in many plants. 
Shoes, work clothes, rubber boots, hats, 
and miscellaneous items cannot be 
kept in one little 12- by 18-in. locker. 
Furthermore, adequate shop and re- 
pair properly lighted and 
heated, often completely lacking. 
Many times the space planned for a 
future pump or piece of equipment is 
that the piping 
cramped and there is no safe walk or 


work 


and 


space, 


is 


SO badly 


small is 


Space 
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Conclusion 


The engineer must 


conditions, some of which the operator 


satisfy several 


does not appreciate. Many of the prob- 
lems from the engineer's viewpoint 
that the op 
Many designers, no 
neverthe 
unable through lack of first-hand 
experience to 


from 


often overshadow any 
erator may have. 


matter how 


iCSS 


competent, are 


understand visualize 
the 
Operators can probably aid the engi 


or 
proble ms operator's view 
neer by preparing a list of those items 
which affect the everyday operation 
and maintenance of the plant and are 
important to the operator. As a 
quel to this, there are the intangible 
aids that the engineer designer 
ean offer the operator. 


se- 
or 


Constructive criticism and positive 
examples of conditions that should be 
corrected or considered by the designer 
will aid both the operator and the de- 
signer in obtaining a sewage treatment 
plant that is easier to operate. 
result 
type of operation and 
treatment. 


Ease 
better 
efficient 


of operation will in a 


more 


USE OF GLASS FIBER FILTER MEDIUM IN THE 
SUSPENDED SOLIDS DETERMINATION 


By G. CHantn, E. H. Cuow, R 


Chief Sanitary Chemist, 


District 


Senior Sanitary Chem 
No. East Bay M 


Special 


following 
in dif 
method. 


Editor’s 
paper 
ferent 


Note 
report 


-This and the 
simultaneous work 


laboratories on a similar 


The standard method for determina- 
tion of suspended matter in sewage by 
of an mat in a Gooch 
crucible is replete with difficulties. The 
treatment plant operator, particularly 
the novice, finds it difficult to prepare 
suitable Other pitfalls include 
variations between different batches of 
asbestos, disturbance of the mat during 


use asbestos 


mats. 


St, and Ass 


B. ALEXANDER, AND J. POWERS 


stant Sanitary Chemists, respectively, 


icipal Utility District, Oakland, Calif. 


handling, inability to filter large 
enough quantities of sewage in a rea- 
sonable time, and others. 

These difficulties are cireumvented in 
a variety of ways by those routinely 


tests. Sample sizes 


performing these 


used by different laboratories vary from 
25 to 100 ml for raw sewage. Asbestos 


mats are prepared in a variety of 
methods at different plants; em- 


ploy a mixture of asbestos and paper 


some 


filters, some employ the asbestos as it 
came from the supplier, and others 


: 
: 
_ 
‘ 
| 
\ 
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TABLE I.—-Comparison of Weight (in mg) of Suspended Solids in Replicate Sample; 
Determination by Glass Fiber and Asbestos Filter Methods 


Raw Sewage 
5/15/57 


Raw Sewage 
5/16/57 


Settled Sewage 


Settled Sewage 
@ 16/57 7 


9/24/57 


2.1 2.6 2.6 7 1.4 
2.1 2.1 3.2 | 1.4 
2.3 2.8 3 14 
1.9 2.5 3.2 2 1.4 
1.7 2.6 3.0 3 1.5 
1.6 2.9 1.0 J l. 
1. 
1. 


Min 


1. 2 1 4 
Max 10.1 95 6.5 OS 2.4 2 2.9 1.0 2.7 1.7 
tange 3.4 2.8 0.9 OS 1.4 0.5 OS 1.4 1.7 0.3 
Mean 7.4 7.4 6.4 6.4 1.5 9 2.5 3.1 1.5 1.46 
Mean dev 75 


TABLE II.-Comparison of Suspended Solids Results by Glass Fiber and 
Asbestos Filter Methods 


Raw Sewage 


mg/l) Settled Sewage Effluent (mg/l) 


Glass Asb 
140 


178 
304 324 58 60 158 156 


5-10 PM 240 248 iS 92 132 136 
108 316 56 112 152 160 

256 240 56 164 132 148 

284 300 s4 136 104 

5-13 am 164 ISS 64 10 92 OS 
208 168 60 56 46 SS 

8- 7 aM 263 260 sO 20 72 124 
PM 332 300 104 sO 116 108 

S-12 am 232 268 6S 76 80 120 
PM 336 392 104 148 

% 5am 316 292 12 76 100 6 
PM 368 364 108 156 128 148 

6 AM 308 308 92 100 
PM 344 356 176 148 132 156 

9-10 am 136 148 100 116 112 116 
PM 272 280 6S 92 116 148 

9-11 am 360 392 76 72 104 92 


PM 


Minimum 
Maximum 136 448 176 164 164 178 
Mean 306 209 S4 93 120 130 
Median 


Run 
Ast Glass Asb Glass Asb Glass Asb Glass Asb. Glass 
l 6.2 6.5 6.0 2.4 
2 7.0 7.6 5.9 6.8 1.0 
3 68 6.9 6.3 6.3 1.3 
4 10.1 7.0 6S 6.3 1.2 
5 8.1 O5 5.9 6.5 1.9 
6 6.4 6.7 6.7 6.4 1.4 
10 1.0 
Std. dev 1.53 L.O7 0.39 0.27 0.52 0.21 0.25 0.49 0.52 0.1 
Sample Date 
= 
5-16 PM 356 340 " 
240 196 24 RR 
5-10 am 
= 384 300 132 108 160 152 
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treat the fibers as required by **Stand- 
ard Methods”’ (1 

In an attempt to eliminate some of 
these difficulties and to standardize mat 
preparation, glass fiber filter papers 
were employed in place of the asbestos 
mats in the “‘Standard Methods’’ de 
termination. Because of the time re- 
quired for the filtration, the sample 
volume was reduced to 25 ml. 

The glass filters used in this study 
are made from extremely fine borosili- 
cate glass fibers. These filters are said 
to retain particles of about 0.5-micron 
size, while offering about the same fil- 
tering speed as open cellulose sheets. 
These filters 
to fit the standard 
this not only greatly simplifies the 
preparation of the mat but also pro- 
vides for uniformity in the mat itself. 


olass come in circles 


cut 


Gooch crucibles: 


Test Results 


To check the reproducibility and re- 
liability of this procedure 6 to 10 repli- 
cate samples of a sewage were analyzed 
for suspended solids, employing the 
standard method, and 6 to 10 portions 
of the same sewage sample analyzed 
This 
done on five different samples, some 
raw and some settled. In 
ml of raw sewage passed through the 
50-m!l 
samples of raw sewage sometimes passed 
through readily, at times 
tremely The results of 
tests are given in Table I. 


using the glass fiber filter was 


general, 25 
glass fiber filter quite readily ; 
other eXx- 
slowly. these 

Although six to ten runs on a sample 
are hardly enough for sound statistical 
analysis, in most cases all the param- 
eters of central tendency indicated 
at least as good, if not better, reproduci- 
bility with the glass filters as with the 
asbestos mat. 

‘*Standard Methods’’ (1) gives the 
standard deviation as 1.4 mg for raw 
sewage and 0.4 mg for settled sewage 


Precisions at least as good, and prob- 


ably better, were obtained under actual 
laboratory conditions, even though a 
minimum of replicate samples was run. 
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TABLE IJI.—Comparison of Suspended Solids 
Results from 25-ml Glass Filter Samples 
and 50-ml Asbestos Filter Samples 


Sampling Point 


Raw sewage 


Mean 


Settled sewage 


Mean 


Final effluent 


Mean 


To determine whether or not similar 
or equivalent results were obtained by 
both methods, some 64 samples of sew- 
raw, settled, and final effluent 
were run by both methods. The results 
Table II. The final ef- 
differs from the settled sewage 


ages 


are given in 
fluent 


ae 
ail 
Solids (mg/l 
id Asb 
| 

136 

| or 

212 250 
212 216 
3 

oss 35 
: 
372 
306 
: 10 
104 208 
= 
248 
: 
| 
110 
a | 140 
108 ‘ 
: 112 
62 
| 
118 
re 114 
l 132 
4 134 
100 106 
| 
196 
146 
| | 
60 

4 160 110 
| 

80 6 
| 111 
4 113 
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in that it includes digester supernatant 
liquor. 

Several interesting observations may 
be made from the data in Table II, as 
follows: 


1. Over a period of time, the average 
values for the suspended solids by the 
two methods will be almost the same. 

2. Individual pairs of values will, of 
course, vary to a greater degree. 

4. Of the 64 pairs of suspended solids 
values shown, 52 per cent were greater 
by the glass filter method, 45 per cent 
lower, and 3 per cent were the 

This that the glass 
fiber filter is not biased in any diree- 
tion, and gives results consistent with 


were 


same indicates 


those obtained by the asbestos mat. 

+. In about one-half of the pairs of 
tests, the suspended solids by the pro- 
posed method within +10 per 
cent of those obtained by the standard 
method. 


were 


In these tests sample volumes were 
not standardized; that is, were 
90-ml samples and others were 25-ml 
It seemed apparent from the 
the fiber 
method that 25-ml samples would filter 
satisfactorily, but that with strong sew- 
ages 90-ml samples would filter only 
very slowly. Therefore, another series 
of tests was performed, using a 25-ml 
sample by the fiber glass filter method 
the asbestos method. 
(Table 111), certain 
observations may be made, as follows: 

1. The of a 
suspended solids tests, whether run on 
50-ml samples by the asbestos method 
or 25-ml samples by the glass filter 
method, are similar. 

2. Individual pairs of 
the varied to a greater extent 
than did the average values. However, 
24 of these 37 results checked within 
25 per cent of the result obtained 
by the standard method. This is a 
good correlation (Table 1), inasmuch 
as even duplicate samples run by the 
same procedures may differ by this 
much. 


some 


samples. 


tests performed by glass 


and 50 ml by 
From these results 
series of 


mean values 


data within 


series 
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TABLE IV._-Comparison of Suspended Solids 
Results by Glass Fiber and Asbestos 
Filters, Using 50-ml Samples 


Susp. Solids (mg/l) 

Sampling Point 
Glass Asb 
304 354 
336 250 
80 80 


Raw sewage 


Mean 


Settled sewage 


Mean 


Final effluent 


Mean 


To answer the question of whether 
50-ml samples run by the glass filter 
method would have given better cor- 
relations than 25-ml samples, a series 
of duplicate tests was run using 50-ml 
samples in both procedures. The data 
are given in Table IV. 

Extreme difficulty was encountered 
in trying to filter 50 ml of raw sewage 
through a glass filter; therefore, only 
a few comparisons could be made. 

Settled sewage and effluent filtered 
more readily, but difficulties were still 
encountered. 

Table IV indicates that the correla- 
tion between the results obtained on 
50-ml portions by both methods is not 
significantly better than that obtained 
between 25-ml samples by the glass 
filter and 50-ml samples by the asbestos 
filter. 

The effect of sample volume was fur- 
ther evaluated by running varying 
amounts of samples by each of the two 


| | | 240 | 228 
80 70 
100 | 86 
82 80 
56 44 
58 | 44 
40 78 
60 30 
O4 82 
76 65 
4 104 
122 112 
120 106 
20 60 
| 72 
| 68 o4 
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methods. At the same time, observa- 
tions were made as to the ease of filter 
ability. 

Although in this laboratory 50 ml of 
regularly employed 
method, 
that 25 ml was probably a 


sample had been 
with the asbestos observation 
indicated 
better volume to use with the fiber glass 
filter. 
Summary 
A method 


Appendix 


has been proposed (see 


for the determination of the 
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suspended solids of sewage samples 
which the authors feel eliminates some 
if the difficulties in the Gooch crucible 
mat preparation, and also shortens the 


time required for the test. 


Reference 


‘Standard Methods for the 
Water and Sewage.’’ Edl., 
Amer. Pub. Health New York, 


Assn., 
N. Y. (1955 


examination 


APPENDIX.—SUGGESTED PROCEDURE FOR THE SUSPENDED 
SOLIDS TEST EMPLOYING FIBER GLASS FILTER MEDIA 


A. Preparation of Gooch crucibl 
filtration: 


for 


1. Place a 2.1-em glass fiber fil 

ter paper into a clean No. 3 
erucible the 
the 


with 
wrinkled surface of 
paper facing upward. 


(r00ch 


and 


paper 


2. Turn on gentle suction 

carefully wash the 
distilled water. 
3. Dry the 
for one hour. 


with 
erueible in a 103°C 
oven 


Cool ina desiccator and weigh. 


B Setting up the sample : 


1. Turn on gentle suction, wet 
paper in 


with distilled water. 


crucible 

Filter 
ml 
of well-mixed sample. 


weighed 
immediately 10 to 


Wash the paper and the solids 
with distilled water. 

Dry in 108°C 

Cool in a 


oven for 
desiccator 
weigh. 
Calculation: 


Same as for standard method. 


NEW METHOD FOR DETERMINATION OF 
SUSPENDED SOLIDS 


Senior Wate Control Ena 


Vote This 


ort simultaneous 


and the previous 
work in dif 
aborat similar 


ories on a method. 


The conventional Gooch erucible 
analysis for suspended solids in sewage, 
industrial wastes, and activated sludge 
mixed liquors is time consuming and 
requires much preparation. However, 
attempts to solve the problem by the 
photometric procedures, filter 


paper techniques, centrifuge methods, 


use of 


NusBAUM 


a Wate 


, Cal 


and the membrane filter have been gen- 
erally unsuccessful. 
The 


methods 


photometric centrifuge 


empirical and 
the 
amount of suspended material in a sam- 


ple by a relationship determined under 


are basically 


thus are proportional to actual 


only one set of circumstances ; the mem- 
brane filter is slow and relatively ex- 
The removed 
satisfactorily by a currently available 
filter paper, but the principal disad- 


pensive. solids can be 


is 
& 
that 
= 
> 
By I. 
Californie, Pollution Control Board No. 9, 
San Diegommif. 
| Edit 
pee 
ters 
nt 
eg 
gee 
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vantage is the hygroscopic character of 
the paper. 


Equipment Used 


As a result, a new method has been 
developed utilizing a new filter support 
and the now available glass fiber filter 
The new filter support markedly 
increases vacuum filtration rates with 
filter paper, as well as with some of the 
new media, such as the glass fiber filter. 
The support 


stainless steel 


dises. 


monel or 
One 
such material is a 60- * 500-mesh mone] 
twilled Dutch weave wire cloth; how- 
ever, several other plain and _ twilled 
Dutch wire 


used. 


consists of a 


woven wire dise. 


cloths have been 


The wire cloth provides a re- 


weave 


markably low interference to the pas- 
sage of air or water under low pressure 
differences, 

The dises are cut from the wire cloth 
in any desirable size and may be used 
with Biichner or Hirsch funnels, Gooch 
crucibles, and polyethylene 
funnels with or without perforated dise 
the funnels or 
crucibles with fixed plates, the e¢loth 
the diameter of the 
For use in ordinary 


glass or 


supports. In case of 


should be cut to 
funnels 
without special support, the cloth can 
be cut to any convenient size, 

The filter paper is pre- 
pared from extremely fine borosilicate 


plate 


glass fiber 
elass fibers and is sold by most chemical 
and laboratory supply houses as Reeves- 
Angel No. X934AH, in sizes from 2.1 
em to 12.5 em in diameter. The fiber 
filter dises may also be prepared from 
sheets of a similar material supplied by 
the Mine Safety Appliance Company. 
If the sheets are used, a flash-fired ma- 
terial must be specified, because a 
resin-bound sheet is also available. 
The glass fiber filter medium will re- 
tain fine precipitates, and with 
conventional filter supports will provide 
filtration rates as much as 7 to 10 times 
evreater than equivalent grades of filter 
paper or the filter. The 
glass fiber medium is non-hygroscopic 
and need not be pre-dried. If kept ina 
desiccator the filters are ready to weigh 


vers 


membrane 
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The dises in 
the 7-cm size weigh in the neighborhood 
of 0.3 gm and thus may be weighed 
rapidly on any conventional balance. 


and use when necessary. 


The dises may be ignited at tempera- 
tures approaching 600°C with a negli- 
gible Even if they 
should fuse at the higher temperatures, 
Ap- 
parent weight losses in drying for a 
7-cm dise have been 0.1 to 0.2 mg, and 
in ignition 0.2 to 0.4 mg. The mass of 
the glass filter medium is so small that 


loss in weight. 


there is no significant weight loss. 


the dried or ignited samples may be 
placed immediately on the balance 
without precooling. In addition, dry- 
ing and ignition take place at an ex- 
tremely rapid rate. Most samples are 
dry in 5 min, but it has been the prac- 
tice during the investigation reported 
here to dry for 10 min. Ignition rates 
are similar. The only major disad- 
vantage found is that it is difficult to 
put a distinguishing mark on the dises. 
However, for a series of samples the 
edges could be notched. 


Procedure Outlined 


The following procedure has been es- 
tablished for the use of the wire sereen 
support fiber filter paper. 
The diameter of the glass fiber filter 
medium chosen is at least 2 em greater 
than the size of the support. In the 
raw sewage and effluent 
samples, a 7-cm fiber dise has been used 
with a 5-cem woven wire support. This 
allows the edge of the ‘‘paper’’ to ex- 
tend 1 em above the filtering surface 
and retain all the solids on the surface 
without contacting the sides of the 
funnel. The filter ‘‘paper’’ has a 
rough and smooth side and it generally 
has been found preferable to place the 
rough side up. 

The funnel apparatus containing the 


and 


ease of most 


woven wire dis¢ is connected to a con- 


ventional side-arm suction flask and 


the glass fiber medium is placed on the 


funnel. The vacuum is applied and the 
glass ‘‘paper’’ is drawn down to the fil- 


tering surface. It is not necessary to 


| 
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seal the edges of the ‘‘paper.’’ A suit- 
able size sample may then be filtered. 
For samples containing more than 75 
ppm suspended solids, a 100-ml sample 
should be used. For effluents or other 
materials with low suspended solids 
concentrations, from 200 to 1,000 ml of 
be readily filtered. For 
samples containing very high suspended 


sample may 


solids concentrations (such as activated 
sludge mixed liquors), either a sample 
smaller than 100 ml or a larger glass 
fiber filter may be used with a 
support (such as a 1A, 2, or 2A 
Buchner funnel and wire eloth dise 
The filtration is extremely 
rapid and the first portion of sample 


dise 


large 
rate of 


should be placed on the filter somewhat 
more slowly until the entire surface is 
wet. Most sewage samples filter in 1 to 
5 min. The filter should, of course, be 
with distilled water after the 
filtration, as in the usual procedure. 


washed 


The same technique may be used for 
general vacuum filter methods 
ordinary filter paper. However, the 
must be pre-moistened 
placing it on the filter. 

The vacuum is turned off and the 
pressure allowed to return to atmos- 
pheric conditions within the flask be- 
fore removing the paper. Preferably, 
the glass fiber material should be placed 


using 


paper before 


on a wire screen in the drying oven 
It may dried by 
radiation. 


also be infra-red 


The samples dry rapidly. Except for 


TABLE I.—Comparison of Suspended Solids 
Results by Standard Gooch Crucible and 
by Glass Fiber Filter Methods 


Gooch 


Sample | . 
Sample Result sample 
mize size 


(ppm 
ml) PP ml 


Effluent 100 % 100 
Effluent 100 100 
Effluent 100 j 100 
Effluent 100 100 
Effluent 100 3: 250 
Effluent 100 ; 350 
Raw sewage 50 3: 100 
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TABLE II.—-Comparative Results of Total Dry 
and Volatile Suspended Solids Determina- 
tions* by Standard Gooch and 
Glass “Paper”? Methods 


iooch Results 


ppm 


Samplet 


Influent 200 


| 
| 


194 
204 
142 
140 


Effluent | 6} 54 
51 
74 
76 
62 
92 
100 
69 
* From a midwestern primary sewage treat- 
ment plant 
t All samples 100 ml except those for the 
influent which 
50 mi, 


Gooch determinations were 


sludges, samples have been found to be 
properly dried within 10 min. For ig- 
nition the dried should be 
placed in an evaporating dish or cruci- 


sample 


ble. As noted previously, the “‘paper’’ 
fuses if the temperature is too high. If 
the material is contained within a tared 
crucible or dish, fusion will not affect 
the final result 
the glass is not changed. 


because the weight of 


If on applying the vacuum in the fore 
going procedure the glass ‘‘paper’’ is 
not drawn down to the filtering surface, 
gentle pressure should be applied with 
a rubber or polyethylene ‘‘ policeman,’’ 
or even with one’s finger. Occasionally 
the filter mat does not wet easily. In 
this case the surface may be wet with a 
dilute solution of almost any commonly 
available wetting agent in distilled wa- 
ver. The problem of wetting oceurs 
more frequently with the membrane 
filter. 


‘ 
i 
Co 
R ass “Paper 
142 
191 138 
| 195 
202 137 
‘ 
| 929 190 135 
| 200 
| 256 
> 
190 185 
182 127 
190 
3 
| 
Glass 
Result 
‘ 
64 
53 
61 
59 
23 
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Test Results 


Table I shows one brief comparative 
run by both the 
standard Gooch crucible and the glass 
fiber filter. No volatiles were deter- 
mined on this series. 


series of analyses 


The samples are 
from several sewage treatment plants 
located in Southern California. 

Table II shows the results of a series 
of total dry and volatile suspended 
solids determinations on the influent 
and effluent of'a midwestern primary 
Several de- 
terminations were made on an activated 


sewage treatment plant. 


sludge mixed liquor sample containing 
approximately 2.000 ppm suspended 


solids. 


It was possible to filter these 


Failure to control seum frequently 
digester. 
Scum formation or matting robs the 
plant operator of the active tank space 
in the same way as does the deposition 
of grit or 


leads to the cleaning of a 


sand. The absence of scum 
cannot be considered proof that a seum 
control feature was justified in a di- 
zester installation; as a result. seum 
control is likely to be omitted from the 
design as an measure, In 
order to regain tank eapacity, and pre- 
vent future seum buildup, tank clean- 
ing, followed by installation of some 
dey ice, is a common occurrence. 

Tank cleaning is not an end in itself. 
but is rather a prelude to further ac- 
tivity. Unlimited time cannot be de- 
voted to the cleaning of a tank, and in 
addition, two other problems arise: (a) 
the disposition of the daily load of raw 
sludge, and (b) the disposal of the tank 
Both of these disposal prob- 
lems must be solved without creating a 


economy 


contents. 


* Presented at the 1957 Annual Meeting, 
California Sewage and Industrial Wastes 


Assn.; San Diego, Calif.: May 1-4, 1957. 
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SCUM CONTROL AND DIGESTER CLEANING * 


By Evucene E. Buuin 


Superintendent, Sewage Treatment Plant, San Leandro, Calif. 
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samples in 5 to 10 min with excellent 
results. 

The glass fiber filter paper provides 
a low cost, rapid filtering, rapid weigh- 
ing, quick drying inert media, which 
should provide a satisfactory answer to 
many filtering problems. The wire 
cloth dise support for the glass and 
other filter papers provides a rapid 
vacuum filtration technique of consid- 
erable possibilities, 
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nuisance. How these mutually ineom- 
patible ends are achieved is the test of 
an operator. 

Raw sludge may be disposed of by 
pumping to another digester unit (if 
one is available lagooning, dewater- 
ing, or by simply bypassing the plant. 
The tank contents are disposed of by 
transfer to another tank. lagooning, de- 
watering, dumping into the receiving 
waters, or by burial. The requirement 
that the disposal be done without nui- 
sance is difficult for most operators to 
overcome. The taxpayer adds to the 
problem by expecting that the sewage 
of the community be treated every day, 
not just at the convenience of the op- 
erator, Dewatering the sludge and 
trucking the cake to the garbage dump 
is the expedient being used at San 
Leandro, Calif., during the simultane- 
ous emptying of three digesters. 


Cleaning Considerations 


Actual tank cleaning involves the re- 
moval of the digester contents, usually 
by pumping. 


Softening the seum mat 


4 
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with wash water or chemical additives 
is sometimes necessary. The use of 
result in a greater ef 
ficiency of the wash water. In general, 
the once-through nature of the dilution 


chemicals may 


necessitates the use of large quantities 
of chemicals to maintain effective con- 
centrations. 

When a digester cleaning project is 
under consideration, it is well to contact 
a few operators in the vicinity who 
have had previous experience in this 
task. Often the laborer will have more 

than the 
plant, as far as actual techniques are 
It should be 
that very seldom does a scum mat con- 
dition correct itself, and that failure to 
regain tank capacity prior to the peak 


to Say does the ‘brass’’ of 


coneerned borne in mind 


load season is at least indicative of lack 
of foresight. 

The hazardous the task 
should be particularly 
where it is necessary to have men hose 


nature of 
emphasized, 


down or muck out accumulated material 
within the tank. The thought 
that a contractor would provide a suit- 


from 


able solution to this problem occurs to 


many operators. Unfortunately, there 
are too few skilled or experienced men 
in this other than 
treatment plant operators. While the 


contractor is learning the proper tech- 


business, sewage 


niques, the other work awaiting the 
completion of the tank cleaning is de- 
layed. 


Ve ntilation 


Ventilation is necessary when men 


are working inside the tank. It is also 
flammable 
gases to a concentration below the lower 


explosive limit. 


necessary to reduce any 
This requires several 
thousand cubic feet per minute of air. 

Compressed air is a valuable tool for 
breaking up a stubborn mat, but it can- 
not be relied upon to provide ventila- 
tion air inside the tank. At best, the 
compressor provides a few hundred 
cubic feet per minute of air laden with 
oil vapor and carbon monoxide. Jets 
of air near the pump suction line in 
the tank will do much to slurry the 
scum mat so that it becomes pumpable. 
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It should be remembered that as the 
mat material is wetted, decomposition 
can oecur, with the possibility of ex- 
suffocating being 
Testing of the 
and ventilation cannot be 
sized. 


plosive or vases 


evolved. atmosphere 


overempha- 


Solids Re moval 


As the tank level is reduced, sticks, 
rags, and other material will cause clog 
ging of the pumps. Constant vigilance 
is required in order that the dewatering 
proceed The 


provision of pretreatment devices such 


without interruption. 
as mechanically-cleaned bar screens is 


because elimination of these 


desirable 
objects is more important than hiding 
them in the 


g Bueketing out of 
the unpumpable material completes the 


digester. 
tank cleaning project. 


Scum Control Considerations 


The designers and the operators must 
work in harmony to best accomplish the 
job of controlling scum in the digester 
The designer can supply the general 
knowledge of principles involved, and 
how best to utilize them. The operator 
ean supply knowledge of the specific 
factors involved in the particular plant. 
The teamwork approach is essential if 
the results are to be satisfactory. 

The designer is faced with the need 
for a sure-fire solution, or failing in 
this, he must provide stand-by equip- 
ment so that the cleaning of a digester 
will not interfere with the continuity of 
Stand-by 


equipment can be made available by 


sewage treatment processes. 
providing for flexibility of the digesters 
so that unit is fitted to 
either a primary or a secondary unit, 


each serve as 
as required. 


Seum control seems to be achieved 


when the digester contents are kept 
homogeneous by some method of mix- 
Mechanical 
paddles are one such means, whereas 
hydraulie or gas recirculation is an- 


ing. ‘eoo-beaters’* or 


other method of mixing. Mixing brings 
the food within reach of the organisms 


so that the biological reaction can oecur. 


— 
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Temperature of the digester is limited 
to that at which optimum biological ac- 
tivity can occur, thus a practical limit 
exists. Rapid gas evolution will achieve 
a measure of mixing not to be under- 
estimated. A healthy digester is better 
able to ward off temporary overload 
conditions likely to bring about mat- 
ting. Removal of the waste products 
completes the requirements for happy, 
healthy bugs. 

Unhappily, a homogeneous tank can- 
not yield a supernatant liquor suffi- 
ciently low in solids content to merit dis- 
The 


use of a secondary digester will provide 


posal without causing a nuisance. 


this essential quiescent period in which 
stratification of the tank contents can 
The digested sludge should be 
drawn off frequently, since it occupies 


occur. 


space in which active digestion might 
oceur. A means of handling sludge in- 


dependent of the season is desirable. 


By E. Haney anp Roserr J. 


Respec 


The operators of industrial wastes 
systems are often faced with problems 
similar to the odor problems at mu- 
nicipal plants. Solutions must be de- 
veloped by careful study of the wastes 
and the processes producing them. 
Shortly after the erection of a coke 
oven plant adjacent to one of the plants 
of the Armeo Steel Corp., an offensive 
odor noted from the 
certain the main 
Because there was a possibility 


was emanating 


sewers in areas of 
plant. 
of this waste entering the municipal 
sewer system and resulting in com- 
plaints because of the odor, it was con- 
sidered advisable that the waste be 
traced to its origin and some means of 
treatment devised. 

Investigation revealed that the odor 
originated from an emulsion produced 
at the coke by-products plant in the 


COKE OVEN PROBLEM 


ELIMINATION OF A COKE OVEN LIGHT-OIL 
WASTE PROBLEM 


Armco Steel Corp., 
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Cessation of the scum control device 
permits the scum to form; therefore, 
provision for continuity of operation 
or separate facilities for supernatant 
drawoff are desirable. 


Conclusion 

There are many ways in which scum 
ean be controlled. Continuity of opera- 
tion and availability of digester ca- 
pacity should be the primary criterion 
by which the method is evaluated. 
Maintenance of a stirring device is 
necessary if it is to be relied upon in 
times of peak load conditions that may 
be especially conducive to scum mat- 
ting. Any device that requires pro- 


longed outage of the digester for serv- 
icing, or the emptying of an otherwise 
normally functioning digester merely 
to check a mechanism, leaves much to 
be desired when compared with other 
available methods. 


BENDURE 


tively, Research Engineer and Senior Chemist, Research Laboratories, 
Middletown, Ohio 


area adjacent to the pure-still residue 
settling tanks. In the operation of this 


plant, the light oils are removed from 
the erude residue and given an acid 
wash. The washed light oils are then 


passed into a still to separate the light 
oils from the remaining residue. The 
latter residue, consisting of a sludge- 
water emulsion, is drained into settling 
tanks where a portion of the sludge, 
known as pure-still residue, settles out 
and is removed and disposed of by 
burning. The emulsion is only par- 
tially broken, however, and an appre- 
ciable amount of sludge remains in the 
water layer. It was this remaining 
sludge-water emulsion that caused the 
odor. 

Laboratory investigation showed that 
the emulsion could be broken rather 
easily, The addition of various acids 
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number of salts, such as 
sodium chloride, would cause a partial 


breakdown. 


or any of a 


However, the organic por- 
tion of the emulsion would tend to rise 
to the surface as an oily lighter-than- 
water layer. Further investigation re 
that when ferric sulfate 
added to the emulsion the organic ma- 


vealed was 
terial settled to the bottom as a viscous 

It was believed that 
would be faster and 
more complete than could be obtained 
by a procedure in which the separation 
depended on floating the material to 
the surface. Consequently, further lab- 
oratory work was directed toward de- 
veloping the most effective method for 
settling out the organic material. 

[t was found that the optimum tem 
perature range for settling was 120° to 
140°F, although somewhat less efficient 
separation could be had at higher or 
lower The amount of 
ferric sulfate required was dependent 


tar-like material. 
this separation 


temperatures. 


on the composition of the emulsion and 
on the fineness and purity of the ferric 
sulfate Laboratory indicated 
that 15 lb of ferric sulfate per 1,000 gal 
of emulsion were sufficient. However, 
in a large-seale test run, using a rather 


tests 


erade of ferrie sul- 
fate, approximately 30 lb per 1,000 gal 
The resulting tar-like 
When 
first formed the Viscosity of the tar is 
sufficiently flows 


coarse commercial 


were necessary 


substance settled to the bottom. 
low so it readily. 
However, after cooling and prolonged 
The re 


maining water layer contained a small 


exposure to the air it hardens. 


amount of dissolved organie material. 


There was no further separation upon 
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acidification, and no offensive odor 
could be detected after dilution. 

The treatment system finally adopted 
was installed adjacent to the pure-still 
residue removal tanks. It consisted of 
a 2,500-gal conical-bottom settling tank 
so located that the tank could be filled 
by gravity feed. Mounted at the top 
of the tank was a mechanical stirrer. 
The drain baffled so that the 
sludge could be drained into Dempster 


was 


Dumpster buckets for convenient  re- 
The 


discharged to the sewer system. 


moval to the dump. water was 

Current practice is simple and effec- 
tive. After 
separated pure-still residue the remain- 


removal of the gravity- 


ing emulsion is drained into the settling 
tank. The usually about 
2,000 gal and the temperature in excess 
of 170°F. The agitator is started and 
30 lb of ferric sulfate are added. The 
mixture is agitated for 5 min and an 
additional 30 lb of ferrie sulfate are 
added. Mixing is continued for 15 min 
longer and the mixture 
settle for 3 to 4 hr. At the end of this 
period the temperature has dropped to 
150°F. The 
then drained into the Dempster Dump 


volume is 


is allowed to 


approximately sludge is 
ster buckets and the water layer is dis 
charged to the sewer 

The installation of this treatment 
unit has had a three-fold effect. The 
deposition of the tarry material in the 
sewer has been eliminated. The odor 
due to the hydroearbons is no longer 


And the 
sludge has prevented the entrance of 


noticeable. elimination of 


another pollutant to the river. 


NITROGEN CONTENT OF NEBRASKA 
SEWAGE SLUDGES * 


By F 


Treating Plant Section, Dir 


Scientist. Sewaqe 

Health, L 
Many utilize their 
sewage sludges as fertilizer (1)(2)(3). 


municipalities 


* Presented at the 1957 Annual Meeting, 
Nebraska Sewage and Industrial Wastes 
Assn.; Hastings, Nebr.; Nov. 7-8, 1957. 


neoln, 


Rapp, Jr 
ion of Sanitation, 


Nebr. 


Nebraska Department of 


Usually the sludges contain appreciable 
amounts of nitrogen. Recovery of this 
nitrogen in forms suitable for fertilizer 
use contributes to the over-all supply 
of plant nutrients available for agri- 


| 
| 
gs 
"3 
“i 
aX 
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culture and may in some instances de- 
fray in part the cost of sewage treat- 
ment plant operation. 

Although many have been 
published on the use of sewage sludge 
fertilizer, none have 
dealt specifically with Nebraska sewage 


sludges. 


papers 


as an organic 
In recent years the introdue- 
individual garbage disposal 
units and the increased use of synthetic 
detergents are reported to have intensi- 
fied the problem of sludge digestion in 


tion of 


some urban areas. Because of possible 
changes in the composition and proper- 
ties of sewage sludges associated with 
the above developments, a study of the 
content of Nebraska 
sludges was considered to be of interest. 
This paper reports the results of a 
study of sludges collected from differ- 
ent types of sewage treatment plants 
between 1954 and 1957. 

In Nebraska only digested sludge is 
utilized as a fertilizer. 


nitrogen sewage 


Digested sludge 
may be defined as sludge digested under 
anaerobic conditions until the volatil 
content been reduced, usually 
around 50 per cent (4 In most cases 
the sludge is dewatered on sand beds 


has 


and the resulting product usually will 
between 30 and 45 per cent 
solids by weight, when ready for re- 
moval from the bed. Recently many 
municipalities have taken to disposing 
of the sludge in liquid form by means 
of tank wagons equipped with sprayers 
which apply the sludge directly to 
fields. 

A total of 55 sludges were included 
in this study. Of these, 19 were di- 
gested from activated sludge 
sewage treatment plants. The others 
were digested sludges, 17 from plants 


contain 


sludges 


TABLE I.—Nitrogen Content of Nebraska 


Sewage Sludges 


Nitrogen (%) 
Standard 


Sludge Source — Deviatior 
*“Viation 


Average| Range 


Imhoff tank 16 | 0.6-2.5 
Digested activated 

sludge 
Separate digestion 


+0.7 


+0.9 
+0.7 
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TABLE II.—Variation in Nitrogen Content 


in Same Sludge 


Nitrogen 


Sludge Source (%) 


Imhoff tank 


1.4 
1.4 


Imhoff tank 
Imhoff tank 
Digested activated sludge 


Separate digestion 


and 19 from 
Imhoff tanks. Table I gives a summary 
of the nitrogen content of the sludges 
studied. The Kjeldahl method for ni- 
trogen determination was followed as 
outlined in the Official and Tentative 
Methods of Analysis (5). It will be 
noted that there is not much difference 
in the nitrogen content of sludges pro- 
duced in Imhoff tanks, 
whereas there is a higher nitrogen con- 


with separate digesters 


digesters and 


tent in digested activated sludges. 

In working with the nitrogen content 
of sewage sludges it is diffieult to ob- 
tain good representative samples. In 
order to determine the amount of vari- 
ation, several samples were taken from 


TABLE III.—Comparison of Nitrogen Content 
of Sewage Sludges 


Sludge Source Nitrogen No of Refer- 


0) Samples ence 


Digested activated 
sludges 2. 20 


Imhoff tank and sepa- 
rate digestion 
Separate digestion 


Imhoff tank 


* Nebraska studies, this paper. 


15 
0.8 
3 2.0 
1.0 
14 
2.1 
1.5 
1.7 
1.4 
3.03 | 4 | 4 
| 
| 31 
2.21 24 3 
- 1.7 15 
1.6 16 | 
2.20 10 | 5 
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the same batch of withdrawn sludge. 


Table I] shows the variation in the ni- 
trogen content of sludge from the same 


withdrawal. All of these sludges were 


taken from unheated digesters which 
had little or no sludge mixing. 


Table 


on the 


presents representative 


data nitrogen content of sewage 
sludges from other areas compared with 


Ne raska 
tent of 


sludges. 
Nebraska 


lowe 


The nitrogen con- 
sludges is 
that of 


the 


sewace 


somewhat than sludges 


from other sections of United 


States 
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Industrial Tax Relief 


The problems of waste treatment fa 
cilities and tax relief are not peculiar 
States. An 

Water 
Treat. Jo 


1957 discusses 


to th ited 


trom 


editorial 
Waste 
Oct. 


and 
392 Sept 
these problems and 
offers some interesti 1g possibilities. 

In a small where a new treat 


plant IS TO be 


town 


ment constructed the 


tendency is to combined 


recommend 


municipal and industrial wastes treat 


ment in a plant designed to handle 
both. The local authority then seeks to 
recover a share of the treatment plant 
capital cost by a proportionate con 
tribution from the industry. 

In this situation an industry may be 
told by the tax authorities that the eap- 
ital contribution does not qualify for 
tax relief. (The legal position appar- 
ently has not been tested.) This same 
tax authority, however, may rule that 
a separate industrial waste treatment 
plant for tax 
Therefore, industries would favor sep- 


does qualify benefits 
arate treatment plants. 

To get this financial 
vantage industry managements 
have offered to make capital contribu- 


around disad- 


some 


tions to a local authority by way of an- 
nual payments over a period of 15 or 
20 years and thus satisfy the tax of- 
ficials. It is stated that the risk in this 
method is that, if during the payment 
period the industry failed and went out 
of the 
would 


of business, the unpaid portion 


cost of the treatment facilities 


then revert to the users. 


Water Pollution from Air 
Pollution Control 
The 


electronic dust 


installation of mechanical and 
industrial 
plants leads to an accumulation of fly- 


ash and cinders 


collectors in 


These materials then 
constitute a solid waste disposal prob 
lem. Where the collected materials are 
transported by a water slurry there can 
be a water pollution problem caused by 
air pollution control. 

In addition, the abrasive nature of 
the water slurry caused serious prob- 
lems in existing pipe. Some locations 
have found it desirable to line new pipe 
with rubber. Lining the pipe with rub- 
ber has been estimated to increase the 
service life two to three times that of 
unlined pipe. 


| 
| 
| 
| | 
| | 
| 
| 
tag 
i 
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Value of Erosion Control 


Enough fertile soil is dumped into 
the two oceans each year to grow all of 
the crops in the United States for six 
years. In a heavy rain (2.4 inches per 
hour), if the ground is 60 to 70 per 
cent covered with plants and litter, the 
run-off will be about 2 per cent of that 
falling. If only 10 per cent of the 
ground is covered, the run-off may be 
about 73 per cent of the rain. This 
same fertile land that has been eroded 
becomes the pollution problem of silt- 
ing being felt more intensively all the 
time. 


Is this not evidence to support 
further interest and action in erosion 
control? 


To succeed a man must learn how to 
get along with the man above, the man 
alongside, the man below, and with his 
own self, 


Stabilization Ponds in East * 

Virginia’s first stabilization pond for 
treating sanitary wastes will be con- 
structed in the near future. The 
State Board of Health plans to make 
a year’s study to obtain design load- 
ings to be used for other ponds in the 
Old Dominion. 

The first pond will be a three-cell 
unit, designed for loadings of 20, 40, 
and 60 lb of BOD per aere per day. 
Water depths are to vary 
three and four feet. 


between 


Sewers to the Moon 


While exact figures on total water 
usage in the United States are elusive 
and variable, for the sake of argument 
the amount of 200 billion gallons per 
day is round number. 
For further rounding, assume that 30 
per cent of this total, or 60 bil gpd, are 
wasted through sewers. 

Now, consider what 60 bil gal would 
mean by handling with 5-gal buckets. 


selected -as a 


*From The Conduit, March 12, 1958. 
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There would be 12 billion buckets of 
water and, allowing a weight of 1 lb for 
each bucket, the total weight would be 
512 billion pounds, or 256 million tons. 

If each 12-in. bucket is placed on top 
of another the total height would be 12 
billion feet, or 2,270,000 miles. This 
column would reach to the moon and 
back about 10 times. Don’t forget, this 
is each day. 

Is this not convincing evidence that 
sewers perform a tremendous task? 


Oxygen Safety 

Weakness at any point in a system 
in which oxygen is stored under pres- 
Oil on 
the cylinder, valves, fittings, or gages 
is particularly hazardous. Glycerin as 
a lubricant is not much and 
organic matter, such as dust, anywhere 
in the system may be ignited by fric- 
tion. In the presence of compressed 
oxygen, metals kindled burn 
furiously. 


sure can lead to an explosion. 


safer, 


once 


Do these comments remind you to 
check your own precautionary pro- 
cedures for oxygen, as well as other 
dangerous items on hand? 


More About Sewer Cave-in 


During the recent Seattle cave-in of 
a sewer main and its attendant 200-ft 
long crater in a residential neighbor- 
hood, a further problem was created by 
heavy rains and resulting erosion and 
undercutting. 

To prevent this damage large sheets 
of polyethylene film were draped over 
the edges of the pit. Rolls of film, 100 
ft long and 32 ft wide, were weighted 
on the top edge by timbers and the 
balance was draped over the side, where 
film channeled rain water into the bot- 
tom of the pit. 

A drying compound was used in the 
bottom of the crater to bring the cave- 
in under control. 

In all, 20,000 sq ft of polyethylene 
was used at a cost of $300. 


Federation Affairs 


DETROIT MEETING PLANS NEAR COMPLETION 


The Federation will observe the com 
pletion of its 30th year of existence at 
its 3lst Annual Detroit, 
Michigan, October 6-9, With the 
same convention locale as the meeting 


Meeting in 
1958. 


of 10 years before, many advances in 
the art and science of wastewater treat 
ment will be presented. Preparations 
for the meeting have been receiving the 
detailed attention of the host city con 
vention committee for months 
The many 
for the 
remembered. 


many 
program features arranged 


ladies are certain to be long 
The nearness of Detroit to many pop 
ulation this 


available to many. The accessibility of 


centers makes meeting 
Detroit by every means of travel makes 
a trip to the motor city most attractive. 
A new travel facility is the Ohio Turn 
pike with its connections both west and 
With it, 
Meeting with convenience and economy 
The location of 
the meeting differs only in the Detroit 
hotel. 
the demands for exhibit space, Detroit’s 
hotel, the 
selected as the convention 
The technical program of the meeting 
will be the largest at any Federation 
Annual Meeting—a total of 10 sessions 
Full details of the technical program 
will be included in the September Jour- 
nal. 
equipment and supplies. 

The Committee members of the Local 
Host Association—the Michigan Sew 
age and Industrial Wastes Association 

have been planning the physical de- 


east. you may reach the 1958 
never before possible. 
To meet as nearly as possible 


largest Sheraton-Cadillace, 


site 


Was 


Exhibitors will show their latest 


tails of the meeting for many months. 


Local Committees 


General Chairman of the Local Ar- 


rangements Committee is Clyde L. 


Palmer, Assistant City Engineer of De 
troit. Samuel D. 
Vice-Chairman. 

the 
chairmen of the 
tees: J. E. 
ments ; 


Porter is General 
The Committee is 
made up of following, who are 
indicated subecommit- 
Hotel 
Hubbell, Finance ; 
Donald M. Pierce, Registration ; Michael 
Fred H. Bur- 
Milton P. Adams, 
Local Host; Mrs. Harry Thomas, Ladies 
Entertainment; and Carl Walker, Pub 
licity. 


Cooper, Arrange 


George E, 
Groen, Entertainment; 
ley, Inspection Trips; 


Preregistration 
The preregistration plan introduced 
at the 1957 meeting will 
again this year. 


be available 
A posteard or letter 
addressed to the Federation office ask- 
eard will 


ing for a_ preregistration 


bring all you need. From this you may 
remittance and ticket order 


so that your registration will be ready 


send your 


for you upon arrival in the registration 
area on the fourth floor of the Sheraton- 
Cadillac. 


sary for each person. 


A registration card is neces- 
Regular registra 
tion facilities will be opened Sunday 
afternoon for registration or for claim- 
ing your preregistration envelope. 


Announcement to Membership 
The the 
with a program including subjects and 


announcement of meeting 
participants for all except one added 
session on synthetic detergents was sent 
With 
this announcement, hotel room reserva- 
tion included 
making room reservations directly with 
the convention hotel. 
of the 
room reservation cards may be obtained 
from the Federation office. 


to Federation members in July. 


cards were for ease in 


Additional copies 


convention announcement or 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


Dr. C. N. Sawyer has resigned his Pro- 
fessorship at Massachusetts Institute of 
Technology to accept the position of As- 
sociate and Director of Research with Met- 
calf and Eddy. He is at present active on 
several Federation Committees. 

James J. Corbalis, Jr., Engineer-Diree- 
tor of the Alexandria, Va., Sanitation Au- 
thority, has been named to the State Water 
Resources Committee, an advisory group to 
the Governor and the State Department of 
Conservation and Development, 

The Graff-Kittanning Clay Products 
Company, Worthington, Pa., has been 
merged with the Logan Clay Products 
Company, Logan, Ohio. 

Dr. James E. Etzel, formerly of E. I. 
du Pont de Nemours, has joined the staff 
of Roy F. Weston, Ine., Newton Square, 
Pa. He will be active in research, develop- 
ment, and process engineering. 

Maurice Le Bosquet, of the Public 
Health Service, has been assigned to the 
International Cooperation Administration 
as Chief Sanitary Engineer of the Tech- 
nical Cooperation Mission to India, with 
headquarters in New Delhi. He will pro- 
vide assistance in dealing with water sup- 
ply and water pollution control problems. 

Earl Devendorf, Director of the Bureau 
of Environmental Sanitation for the New 
York State Health Department, was re- 
cently presented the Herman M. Biggs 
Award of the New York State Public 
Health Association, for outstanding work 
in the field of public health. He was a 
1956 recipient of the Federation Arthur 
Sidney Bedell Award. 

The Jeffrey Manufacturing Company, 
Columbus, Ohio, has named Frank J. 
Durzo as Vice-President in Charge of 
Manufacturing. 

John K. Hoskins, former Assistant Sur- 
geon General and Chief of the Sanitary 
Engineering Division of the U. S. Publie 
Health Service and President of the Fed- 
eration in 1945-46, died reeently. Mr. Hos- 
kins had been retired for the past 10 years. 

L. E. Ordelheide has become associated 
with the firm of Haskins, Riddle and Sharp 
in Kansas City, Mo. He formerly was 


Executive Director of the Metropolitan St. 
Louis Sewer District. 

W. Allan Moore, of the Robert A. Taft 
Sanitary Engineering Center in Cincinnati, 
Ohio, recently received the Bartow Award 
of the American Chemical Society’s Di- 
vision of Water, Sewage, and Sanitation 
Chemistry. 

Walter A. Lyon has been appointed Di- 
rector of the Pennsylvania Department of 
Health Division of Sanitary Engineering. 
He has been Acting Director since August 
1957. 

Robert D. Butler was recently appointed 
to the position of Assistant to Sales Man- 
ager—Plug Valves for W-K-M, Division 
ot ACF Industries, Ine. 

M. R. “Ray” Golly, formerly with the 
Illinois State Department of Publie Health 
and Greeley and Hansen, has joined Smith 
and Loveless, Ine., as Chief Sanitary En- 
gineer. 

Allied Chemical and Dye Corporation re- 
cently changed its name to Allied Chemical 
Corporation. 

Donald F. Deakin has been appointed 
to the post of Sales Engineer with Smith- 
Blair, Inc., and will operate from Greens- 
burg, Pa. 

William L. Havens, Partner in the firm 
of Havens and Emerson, died recently. He 
had been Senior Partner and was in gen- 
eral administrative charge of the Cleveland 
office since 1940. 

William E. Stanley recently became 
Emeritus Professor of Sanitary Engineer- 
ing at Massachusetts Institute of Technology 
and has become a Project Engineer with 
Metealf and Eddy. He has also been ap- 
pointed Special Lecturer in Civil Engineer- 
ing at M.I.T. 

Sidney A. Berkowitz, formerly District 
Engineer at Orlando, Fla., has been named 
Assistant Director of Sanitary Engineering 
for the Florida State Board of Health. 
David B. Lee, a Past President of the Fed- 
eration, is Director of the Department. 

Seth G. Hess, Director and Chief Engi- 
neer of the Interstate Sanitation Commis- 
sion, died recently in New York. 
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Reviews and Abstracts* 


Biology of Waste-Water Fungi, with 
Special Reference to Pulp and Paper 
Mill Effluents. By W. 
Wochbl. Papierfabrik, 84, 564 (1956) ; 
Chem. Abs., 51, 17163e (1957). 
Filamentous bacteria, S. natans their 

are predominate orga? 

effluents. Cells held to 


a hemicellulose membrane which 


or 
numerous variants, 
isms in mill are 
eether by 
calactose, 
There 
are 18 different amino acids that make up 
the lding 
These bacteria grow best at 7 to 17°C, with 
me limits to 40°C, 
pH for growth is 6-8, with a 


ot to 


apparently contains glucose, 


arabinose, xylose, and ribose units. 
bul 


stones of protein in 8. natans. 


extreme li of 5 Optimum 
total 


‘he conditions for growth are 


range 


aerobie and the organism fails to reproduce 
1en oxygen drops below 3 mg/l or when 
Lity exceeds 0.2 per cent. Jesides usual 


inorganic nutrients and organie nitrogen 
compounds, S. natans utilizes preterentially 
such aleohols as glycerol, butyl, mannitol, 
and sorbitol, as well as many organie acids. 
Growth of S. natans requires only minute 


amounts of nutrients. For example, growth 
occurred in spent beeehwood pulping liquor 
even when sugar content was only 20 to 50 


In a 


natans accumulated in cooling water duets 


pg/l. Bavarian chemical plant S. 
due to leakage of small amounts of butyl 
and ethyl alcohols and nitrogen-compounds 
residues, Chlorination 


from agricultural 


is only partly successful in overcoming 


growth because more than 1 mg/l! of free 
chlorine in the stream could not be toler- 
ated. Effluents 
mill gave rise to a red growth of Fusarium, 
Mueor, 
dichotoma formed only when the pH rose 
to 6.4 
of 5.2 to 


due to lime sludge or leaching out of eal 


from a paper and pulp 


and related sewage fungi. S. 


(in contrast to the usual pH range 


0.5). The inerease in pH was 


cium carbonate. Paper chromatography 


* Please send to Federation headquarters 


which might be suitable for abstracting in THIs JOURNAL. 


proved useful in obtaining data on the ex- 
tent of the 
trients present in 


stream pollution and otf 
the effluents. 


H. HeUKELEKIAN 


nu 


Storm-Water Overfiows, the Use of Si- 
phons at Ipswich. By R. N. Barrarv. 
Jour. Inst. Munic. Eng. (Brit.), 85. 

the 

relation to the de 


“he importance, types, and choice of 


storm-water overflows in 


sign of combined sewerage systems are dis 


cussed, but the principal attention is given 
to the design and operation of siphon over 
flows tor Ipswich LOW level sewer, 


A schen 


reconstruction 


ie was prepared for the complete 


ot five storm-water over 


flows, along the low level sewer, three using 


and the 


side weir design other two using 
siphons. 

Experimental siphon overflow test results 
that the 
siphons is not as high 


stated. No 


shown in quality 


indicate coefficient obtained for 


as other writers have 
significant differences 
of the effluent 
siphon and side weir overflow. 


are 


between 


The permanent siphons were constructed 
in two sets of three siphons, using 18-gage 
copper sheet ribbed with angle-iron at inlet 
and outlet, and surrounded with concrete. 

I. Vanni 


of Nitrates. 
Anal. 


Colorimetric Determination 
By J. M. PAPPENHAGEN. 
30, 282 (1958). 


A colorimetric method for the determina 


Chem.., 


tion of nitrates in river water and sewage 
effluent utilizes alkaline 
reduction of nitrates to 
distillation of the ammonia produced, and 


an ferrous sulfate 


ammonia, steam 
subsequent determination of the ammonia 
The 


method works with samples containing 0.01 


by a pyridine-pyrazolone reagent. 
mg to 0.1 mg of nitrate nitrogen. 

R. S. INGOLS 
ill pe riodicals, 


bulletins, special reports, etc., 


Publications of public health 


departments, stream pollution control agencies, research organizations, and educational insti 


Address such 
Ave., N. W.., 


tutions are particularly desired. 
Wastes Assns., 4435 Wisconsin 


Washington 


material: Federation of Sewage and Industrial 


16, D. C. 


1078 


Dee tier 
da v4 
ae 
\ 


SEWAGE AND INDUSTRIAL WASTES 


Consulting Engineers: Whitman and Howard Photo—Dorr-Oliver, Inc. 


VAREC SEWAGE EQUIPMENT 
helps BURLINGTON, VERMONT 
keep LAKE CHAMPLAIN clean 


Vprec” Burlington, Vermont, has installed the first 

modern sewage plant in Vermont to protect the 

SEWAGE EQUIPMENT waters of Lake Champlain for swimming, fishing 

Pressure Reliet and Vacuum and boating. 

On the Dorr Multidigestion System, VAREC 

Flame Arresters SEWAGE GAS CONTROL and SAFETY DE- 

VICES protect the plant against fire and explo- 

sion, and regulate the volatile sewage gas for 
smooth operation. 


Flame Trap Assembly 
Explosion Relief Valves 


Waste Gos Burners With thousands of communities in the United 


Flame Checks States and Canada installing Varec Sewage Equip- 
Qeenisictiiidlass ment, it is practically standard for controlling 
Flame Trap Assembly gases from sewage digesters. Send for VAREC 


Catalog S-3. 


Pressure Reducing 


R lat 

sna THE VAPOR RECOVERY SYSTEMS CO. 
Check Valves COMPTON, CALIFORNIA 

Drip Traps Cable Address: VAREC COMPTON CALIFORNIA (U.S.A.) 


Sedi as t All Codes 
Available from Authorized Sewage Equipment agents 
Manometers throughout U.S. and Canade. 
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Proceedings of Member Associations 


TEXAS WATER AND SEWAGE 
WORKS ASSOCIATION 


The 1958 Annual Meeting of the 
Texas Water and Sewage Works As 
sociation was held in conjunction with 
the 40th Annual Short School at Texas 
A. and M. College, Station, 
March 2-7, About 750 
persons were registered at the Short 
School this The program, as 
usual, was excellent. 

K. S. Watson, President of the Fed- 
eration of and Industrial 
Wastes attended the 
meeting to extend the greeting of the 
Federation, participate in the pro 
gram, and to confer Honorary Life 
Membership in the Federation upon 
V. M. Ehlers, Chief Sanitary Engi- 


College 


Texas, 1958. 


year. 


Sewage 
Associations, 


neer, Texas State Dept. of Health. 
Mr. Ehlers was not able to be 
present, Mr. Watson made a special 
trip to Austin to make the presenta- 


tion. 


Since 


At the annual business meeting the 
following officers were elected: 


Chairman: Roger Moehlman, Houston. 
Ist Vice-Chairman: T. L. Satterwhite, 
Baytown. 
2nd Vice-Chairman: Cecil H. Williams, 
Dallas. 
Secretary: V. M. Ehlers, Austin. 
Asst. Secretary-Treasurer: Mrs. E. H. 
Goodwin, Austin. 
Mrs. E. H. Goopwin, 
Asst. Secretary-Treasurer 


(Continued on page 318a 


the INCREDIBLE Torque’ 


pumps almost everything 


( what will go in will come out ) 


Western Machinery Company 


secret: recessed impeller; continuous open passage 


(wear effect is negligible) 


650 Fifth St. San Francisco, California 
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NEW 


Wedge-Lock* 


JOINTS 


WEDGE IN! 
LOCK TIGHT! 


Stop Infiltration and Roots 


SEWAGE AND INDUSTRIAL WASTES 


LIKE A RAILROAD COUPLING... 
WEDGE-LOCK JOINTS 
WEDGE IN! LOCK TIGHT! 
IN ONE SIMPLE, EASY OPERATION a5 


Always specify Vitrified Clay Pipe with Wedge- 
Lock Plastisol Joints. 

Write to listed manufacturers for literature 
or an actual Wedge-Lock demonstration. 


Wedge-Lock cLay PIPE 
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Patented Wedge-Lock Joints 
wedge in and lock tight in one 
simple, easy operation . . . re- 
main in continuous compression 
. . . stop infiltration and root 


penetration . . . keep installa- 
tion costs down . . . permit 
strict adherence to design .. . 
last as long as the world’s 
longest-lasting pipe. 


*Patent T. M. Reg. U.S. Pat. OF 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 
Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers 


Caonnelton Sewer Pipe Company, Cannelton, Ind. 
The Evans Pipe Co., Uhrichsville, O. 
The Logan Clay Products Company, Logon, Ohio 

Pacific Clay Products, Los Angeles 54, Calif. 

Pomona Terra-Cotta Company, Greensboro, N.C. 
Groft-Kittanning Cloy Products Company, Worthington, Pa. 
The Stillwater Clay Products Company, Cleveland 16, Ohio 


Clay City Pipe Company, Uhrichsville, Ohio 


Gladding, McBean & Co., Los Angeles 54, Calif. (Sold under trade name, ‘ SPEED-SEAL"’) 


Oconee Clay Products Company, Milledgeville, Ge. 
Pine Hall Brick & Pipe Company, Winston-Salem, N.C. 
The Robinson Clay Product Company, Akron 9, Ohio 
Superior Cley Corporation, Uhrichsville, Ohio 


}} 
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Surer Gland Lubrication 
for Centrifugal Pumps 


| THE Z-F GREASE SEAL eliminates that 
trouble spot where shaft enters casing. Applies 
constant positive lubrication to packing and shaft— 
| automatically. Excessive heat, rapid wear, leakage 
and scoring will dissapear as the 
Grease Seal supplies a constant flow 
of lubrication when pump starts until 
it stops—automatically. Many other 
advantages, too. Write for complete 
description and price. Zimmer and 
Francescon, Moline, Ill. 


ARIZONA SEWAGE AND An excellent technical program was 
WATER WORKS presented. It included discussions on 
ASSOCIATION a new method of laying sewers, cor 


rosion of conerete and steel under sew- 
The Annual Meeting of the Arizona 


Sewage and Water Works Association 


age conditions, Tuecson’s water and sew- 
age disposal expansion program, solv- 
was held May 15-17, 1958, at the El ing industrial waste-water disposal 
Conquistador Hotel, Tucson, Ariz. problems, and a new perspective for 
More than 300 members and their sewerage systems. 

wives attended the meeting. (Continued on page oLVa 


accurate! 


PARSHALL FLUME LINERS 
FABRICATED FROM “CHEMSTONE” 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 
perature changes. 

Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16". Flume liners with throats 3” to 18” are furnished 
completely assembled for quick, easy installation. For throats 18" to 96” the 
liners are furnished in two sections. 

Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET »- ROCHESTER, NEW YORK 
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Waste flows smoothly through 
Armco flush bottom gates 


Close-up view of flush bottom opening. 


Mode! 55-20 Armco Gate with flush bottom opening. 


Solids and debris can’t pile up against perimeter seating. Sizes range to 108 


the sill of an Armco flush bottom gate. inches, square or round openings. Write 
When the gate is open, nothing protrudes for folder, “Armco Gates for Efficient, 
above the channel bottom. Flush bottom Trouble-free Water and Sewage Control.” 
openings are available on more than 200 Armco Drainage & Metal Products, 
sizes and types of Armco Gates. Inc., 3148 Curtis St., Middletown, Ohio. 

Other Armco Gates have standard Subsidiary of Armco Steel Corporation. 


ARMCO GATES 


SEWAGE AND INDU 


Since 1885 


GRUENDLER 


SEWAGE SHREDDERS 


The Choice of 
Municipalities! 


HUNDREDS OF INSTALLATIONS 
IN CITIES IN U.S.A. 


Gruendler Sewage Shredders are 
very popular where Bar Screens are 
in use. Debris, leaves, sticks, rags, 
other matter quickly reduced, as- 
suring an even and continuous flow 
through systerr Patented features 
overcome many of the difficult prob- 
lems. Earlier installations still func- 
tioning after 20-25 years of service. 


SINGLE OR MULTIPLE UNITS 


The Multiple Unit (illustrated) installed in 
connection with Bar Screens of leading manu- 
facturer. Visit a city near yours and see the 
Gruendler Sewage Shredder in operation. 


LOCATIONS MAILED ON REQUEST 


| See your Consulting Engineer for data | 
| and specifications on Gruendler Units, or | 
| Write us for CATALOG—S.G. 10 without | 
| ebligation. Contains diagrams fer instal- | 
| lation, types and sizes of Units including | 
| Shredders, Garbage Grinders, Dry Sludge | 
| Shredders, Refuse and Compost Grinding 


| 
GRUENDLER 


CRUSHER & PULVERIZER CO. 


2915 N. MARKET ST. Dept. SIW-858 ST.LOUIS 6, MO. 


| ation was held 


School, 


| were 


STRIAL WASTES 

Emil C. Past-president of 
the Federation, gave an informative 
talk on sewage and industrial wastes 

The Hatfield Award was presented 
to Edward E. Bayze, Chief Operator 
of the Nogales International Sewage 
Treatment Plant, for 
performance in developing programs 
for preventive maintenance, personne] 
safety, and training of plant personne] 

Leigh ©. Gardner, Phoenix consult- 
ing engineer, received the Bedell 
Award for his outstanding econtribu- 
tions to the Arizona Association during 
the past ten years. 


The 


serve during 1958 


President: A. Li. Frick, Jr 

Ist Vice-President: H. 
Phoenix. 

Ind Vice-President: 
Phoenix. 

FSIWA Director: 
Tucson. 

Secretary-Treasurer: Stanford I. Roth, 
Phoenix. 


Jensen, 


his outstanding 


following officers were elected to 
59 - 


, Tueson. 
Bigglestone. 
R. 


E. Polenske, 


O’Neal Dye, 


STANForD I. 
Necretary-Treasurer 


UTAH SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Ist Annual Meeting of the Utah 
Sewage and Industrial Wastes 
February 10, in 
.onjunction with the 9th Annual Mu 
nicipal Water Works 
at the University of Utah 
Union, Salt Lake City, Utah. There 
28 in attendance. 

At the business meeting the follow- 
ing officers were elected : 


Assoei- 
1958, 


and Sewage 


Provo. 


Ford, 


President: Blane Liston, 
Vice-President: Lyle 
Lake City. 

FSIWA Director: Lynn M. 
Secretary-Treasurer: 
Salt Lake City. 
Howarp Hurst, 
Secretary-Treasurer 


Salt 


Thatcher. 
Howard Hurst, 
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SEWAGE 


AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 328a) 


ALBRIGHT & FRIEL, INC. 


CONSULTING ENGINEERS 


Ww oe, Industrial Wastes and Incineration Problems 


Planning Highways, Bridges and Alrports 
‘bam s, Flood Control, Industrial Buildings 


Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 


PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 


Engineers 
Louis R. Howson 
Maxwell 
Water Purification, 
Sewerage, 
Drainage, 


Charles B. Burdick 
Donald H. 
Water Works, 
Flood Relief, 
Disposal, 


Sewage 
Appraisals, 


Power Generation 


Civic Opera Building 


Chicago 


Water Supply, 


ANDERSQN-NICHOLS 


(Company 


Consulting Engineers 


Boston 14 


Distribution and Treatment, In- 
dustrial Waste Tre atment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. 


Baltimore, Md. 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street 


New York 6, N. Y. 


Municipal Engineers 
Systems 
and Mape—City Planning 


MICHAEL BAKER, JR., Inc. 


Consulting Engineers 


Civil Engineers, Planners, and Surveyors 
Airport Dengn —Sewage Dieposal 


Water Works Design and Operation—Surveys 


Highway Dengn—Construc- 


tion Surveye—Pipe Line Surveys 


Home Office: Rochester, Pa. 


Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 


Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 


Industrial Waste Treatment 
Investigations 


P. O. Box 166 


Crystal Lake, Ilinols 


THOMAS W. BEAK 


HOWARD K. BELL 


Pol! 


Stre 
Toxi 
ogical and Chemica! Analyses 


Bio 


Consulting Biologist 


ution Studies 
am and Lake Surveys 
city Teste 


Amherst V Collins Bay, Kingston, 
ntarlo, Canada 


Sewerage 


Sewage Treatment 


Refuse 


Consulting Engineers 
G. 8. Beit C. G. Garrner 
J. 


V. Finney, Jr 


Disposal 
Industrial Wastes 


J. K. Laruam 


Water Works 


Water Purification 
Swimming Poo 


553 S. LIMESTONE ST., LEXINGTON, KY. 


is 


tify 


the 


in this space. 


ONLY $66 PER YEAR 


cost of a professional listing 


A card here will iden- 


your firm with the specialized 


sewage and industrial wastes field and 
will afford maximum prestige! 


BETZ LABORATORIES, INC. 


Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis 
Investigations 


Gillingham & Worth Sts. 


Design 
Operation 


Philadelphia 24, Pa. 


It pays to secure competent and experienced engineering advice! 


| 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 
Cuinton L. BoGert Frep §. CHILDS 
Ivan L. BoGEeRT DoNALp M. DITMARS 
Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 
Drainage 

ighways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


East 32nd Street, New York 16, N. Y¥. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewage and Water Works—Industrial 
Wastes—Refuse Dis al—M unicipal 
Projects—In rial B R tte— 
Plans—Specifications— 
Construction and Operation 
Valuations— Laboratory Serv 


75 West Street 


New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE- INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 
Industrial Waste ¢ 


Laboratory Services 


508 TENTH STREET 


and Treatment 


DES MOINES, IOWA 


G. Browne 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Re Construction 
i Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


. . . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Floed Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 
Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—Gas Systems 
Valuations—-Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Cte'l Engineers and 
Swreeyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 

listed here 
: the most complete Directory 
available of consultants specializing in 


sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 


SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Sanitary and 


ROY B. EVERSON 


eer 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 


Valuations —Re ports Research— Development 


207 W. Huron St., Chicago 16, Ill. 
SU perior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—lIndustrial Bldgs 
BOSTON, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 


maximum prestige! 


FINKBEINER, PETTIS & STROUT 


CarveTon 8. Finxserner Cuarces E. Perris 
K. Strout 


Consulting Engineers 
pply, Water Treatment, Sewerage 
‘reatment, Wastes Treatment, 


Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 


Industrial and Municipal Engineering-— 

Water Supply and Purification—Sewerage 

Industrial Waste Tre ent—High 

and = Structures—-Dams— Drainage 

Airports— Investigations— Valua 
tion—-Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage: Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 

Dams, Water Works 
bage Disposa t 
Parking 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fila. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus 
trial waste disposal problems, prospec 
tive clients will expect to find your card 
in the Directory of Engineers contained 


in the 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul E. Langdon Kenneth V. Hil 
Thomas M. Niles Samuel M. Clarke 
Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvements Town Planning 
Surveys 


Design, Supervision and Operation 


260 Godwin Avenue Wyckoff, N. J. 


Take advantage of the services of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage 
Recovery Processes, Hydraulic Works 


Natural Gas Transmission and Distribution 


123 8. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
4. A. Burger 
Harry H. Moseley J. W. Avery 
Frank S. Palocsay Edward S. Ordway 
Frank C. Tolles, Consultant 
Consulting Engineers 
Water, Sewerace, GarBace, INDUSTRIAL 
Wastes, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen Avcenep W. Sawyer 
H. E. Hupson, Ja 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Building 
New York 17, N. ¥. Detroit 26, Mich. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
s, Light and Power. Sewers, Sewage 
Reports, Flood Control, Appraisals 
Drainage, Industrial Works 


27962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bioss 
V. C. Liscner 
Airports Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply Municipal Engineering 
Reports 
Shell Building, St. Louis 3, Missourt 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


INDUSTRIAL WASTE DISPOSAL CORPORATION 
Consultants 
Oceanographers —— Chemists Engineers 
Deep Sea Disposal 
Plant Site and Outfall Surveys 
iological and Chemical Analyses 

Waste Treatment 

Pollution 


Drawer 150 Baytown, Texas 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 


SEWAGE AND 


INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of 
in this space 
tify your firm 


will 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water § 
Sewage 


id In 
B 


nt 


TROY, NEW YORK 


ENGINEERING OF 
CLYDE C. KENNE 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supe 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 


m. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 

Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural! Power 


165 Broadway 


Transportation 


New York 6, N.Y. 


E. C. PATTEE 


Chemical Engineer 


Consulting, Surveys, Development & 
Design for Stream Pollution, Waste Recovery 
& Chemical Processing 


3510 Section Road, Cincinnati 37, Ohio 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Cc iting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, NK. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 


Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports ; Design ; Supervision of 
Construction & Operation 
Analytica! Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 
Lovis C. MeCase, Pres. 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. 


New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VaASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorade 


B. V. Howe 


Robert and Company 
Associates 


Engineering Division 


ATLANTA 
Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - - - ~- Power Plants 


It pays to secure competent and experienced engineering advice! 
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INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Btusieipel Publ lic Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicage 4, Illinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply —Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN waren 
J. S. WaTKINS . R. Watkins 
CONSULTING 


Engineering, Water 

i n, Sewe rage and Sewage 

ighways and Structures, Reports 
Investigations and Rate Structures 


251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Loulsville, Kentucky 


ROY F. WESTON, INC. 
Engineers— Biologists—Chemists 
Industrial Wastes 
Stream Pollutior Air Pollution 
W ater—Sewage 
Surveys—Research— Development— Process 
Engineering — ns and Specifications — 
Operation Supervision Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

astes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

aboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

justrial Development Problems, W ater Supply 

Water Purification, Water Front Improvements 

Investigations, Reports, Designs, Supervision 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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For Sewer-Rodding 


NOTHING COMES CLOSE 
to a SeweRodeR! 


Here’s Why: 

Cleans up to 900 feet NON-STOP with one operator. 

Cleans more footage daily, at lowest cost, due to its speed. 
Cleans all pipe sizes—doesn‘t just merely unplug! 

Automatically controls PUSH AND PULL POWER—from 4 pounds 
up to 4,000 pounds. 

Variable Push and Pull control from “inches” up to 50 feet per minute. 
Push or Pull Rods independent of rotation. 

Clicking of safety clutch warns of heavy obstruction. 

Positive footage meter shows exact location of tool. 

Safer! Operator never touches rotating rods. 

Sets up from street level. Works water-filled manholes. 


Write for Information. 


ee 3786 DURANGO AVE., LOS ANGELES 34, CALIF 
FLEX | B LE INC. 1005 SPENCERVILLE RD, LIMA, OHIO 
~ 2 $51 W. JEFFERSON BLVD., DALLAS, TEXAS 


WORLD'S LARGEST MANUFACTURER OF SEWER CLEANING EQUIPMENT 
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NT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer istallations requiring highest quality 
sewer or culvert pipe and maximum protection 
infiltration 


LOCK J 


against ground water 


uced in diameters from 12” to 72” 

lengths of eight feet is manu- 

process which develops 

e concrete — resistant 

t ends, of almost machined 

» parti ularly a laptatie to the Lock 

nt Rubber Gasket 

ective relief from infiltration 

ts the joint to be opened 

angering its tightness. This 

onsiderably to the ease and 
e can be installed. 


nd permits 


The ‘‘Flexible Joint’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast cor nd culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 


A.S.T.M., state highway or individual specifications. 


LOOK JOINT PIPE CO 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Hoven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Okichoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 


Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 


Coraceos, Venezuela 


Also Greot Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


...che premium pipe with the . 
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Cc » woste treatment sys n plot 


yanide ec system i ng 
room of the Palnut Co., Mountainside, N. J. 


THIS SMALL PLATING PLANT 


BENEFITS FROM CHLORINATION 
IN TREATING PLATING WASTE 


W & T Alkaline Chlorination solved the Palnut Company’s problem 
of how to treat toxic cyanide plating waste effectively and cheaply. A 
flow-through process permitted installing the equipment right in the 
plating room. No new plant space was needed. In addition, because the 
treatment is simple to operate, one man runs the equipment as part of 
his regular work. 

By using chlorine gas to treat the waste, savings were sufficient to 
pay for the chlorinator and its installation in less than a year. 

Wallace & Tiernan makes chlorinators and chemical feeders for use 
in any size plating plant—large or small. Learn all the advantages of 
treating plating waste with chlorination in Bulletin I-62, which gives full 
details about W&T Alkaline Chlorination. 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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